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ABSTRACT 

River ba nk erosion h as be en a  r ecurrent f eature al ong t he l arge s cale and some 

moderate s cale rivers i n B angladesh. T hough m uch r esearch w orks on  the s ocio-

economic impact of  bank e rosion of  large s cale rivers have al ready b een done , the 

moderate scale rivers often have been neglected in this respect. Nabaganga is one of 

such moderate scale rivers in south-west region of Bangladesh that has long history 

of bank line shifting according to the consent of the local people. Based on the socio-

technical a pproach, t his t hesis pr ovides a n unde rstanding on t he r ate of  r iver ba nk 

erosion resulting from change in flow pattern in river bends and consequent effect on 

livelihood of the local people.  

 

The high amplitude meander at Chander Char and the moderate amplitude meander 

at Noagram have been selected as the study reach. A large portion of the high land 

has a lready b een e roded b y the r iver c ausing s erious r elocation pr oblems f or t he 

inhabitants. Questionnaire survey and PRA tools (FGD and Seasonal Calender) had 

been c onducted w ith partial and  fully landless f armers, da y l abourers, s mall 

shopkeepers, women, old aged landless people, school teachers, the Union Parishad 

Chairman and the field officials of BWDB to take out the relationship between bank 

erosion a nd oppor tunities of  m aintaining t heir l ivelihoods i n di fferent t ime of  t he 

year. Reports of some completed as well as ongoing projects of the study area, maps, 

papers and cross-sectional da ta of  the r iver served as the source of  secondary data. 

Local people are loosing their land directly by bank erosion as well as acquisition of 

land f or c onstruction of  r etired e mbankment. From the i nformation g iven b y l ocal 

people, the rate of erosion of Nabaganga is around 30-40 m/year. Based on the flow 

model and the erosion prediction model along meander bends adopted in this study, 

the e stimated e rosion a t Chander C har a nd N oagram a re a round 34 m /year a nd 43 

m/year, respectively, which is close t o t he range i nformed b y t he l ocal pe ople. S o 

each year, due  t o c ontinued l oss of  l and, t he s mall f armer be comes m arginal a nd 

marginal f armer tur ns to landless. Thus the po orer s trata a re c onverging i nto t he 

poorest strata. Thus increase of poverty is engulfing the socio-economy of the area.  

 

Most of  t he l andless pe ople, l eaving t he vi llages, s hifted towards other vi llages, 
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cities. About 20 t o 25 h ouseholds of both the villages who could not afford to shift 

anywhere else are passing their days on  the embankment in great misery. They are 

searching di fferent l ivelihood oppor tunities t hrough t he s ervice of  a  d ay labourer, 

borrow farmer, shopkeeper, sand troller loader, collecting and selling water lily in the 

market and many other temporary income generating activities. From the month of  

June t o O ctober pe ople s uffer f rom l ack of  w ork. D ependable p rediction of  bank 

erosion can help the Government taking early s teps in resettlement of  the landless, 

suitable c rop di versification a nd pr oper di stribution of  l ivelihood oppor tunities. 

There s hould be  e ffective i mplication of  the G overnment legislation regarding the  

resettlement pr ocess a nd l and a cquisition. In t he w ater l ogged p ortion o f t he a rea 

government can release fish t o encourage people i n capture f isheries. Local people 

should be  i nvolved i n a ll s tages of  de velopment w ork l ike c onstruction of  

embankment a nd ba nk pr otection w ork. T his w ill he lp bot h i ncreasing t heir 

employment opportunities as well as better O&M of the work. Further study can be 

conducted on i f the flow of the river Madhumati can be regulated at the upstream of 

the Halifax cut to minimize the erosion of Nabaganga. Above all there should be an 

erosion mitigation plan of the Government for better management of the situation.   
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CHAPTER ONE 

INTRODUCTION 

 

1.1 General 

Riverbank e rosion i s a  t ype o f di saster f or t he p eople l iving i n t he vi cinity of  t he 

unstable r ivers of  B angladesh. It i s t he m ain r eason for ex treme p overty and 

uncertain socio-economic condition faced by the inhabitants in riverine environment 

(Baki et  al., 2007). Though the p rocess o f r iver bank erosion and consequently the 

development of  al ternate s and bars can be w ell e xplained t hrough t he h ydro-

morphological poi nt of  view, t he c onsequences of t he pr ocess m ust be  established 

upon socio-economic background.     

 

1.2 Background 

The river Nabaganga bifurcates at Kalachandpur of Narail district forming a western 

branch named Chitra and rejoins Chitra at downstream near Gazirhaat. To the west of 

the Nabaganga, another major river the Madhumati was located. The Nabaganga and 

the Madhumati were very close to each other at Bardia and were joined by digging of 

a Halifax cut at this point at early 1900’s. The effect of this has been to direct a large 

proportion of  M adhumati’s f low i nto N abaganga a t B ardia, r esulting i n significant 

enlargement of  t he N abaganga cha nnel be tween Bardia and Gazirhaat, with 

consequent reduction of flow in the Madhumati downstream of Baradia. 

 

The Nabaganga at the north of Kalachandpur and the Chitra are moderate sized rivers 

about 150m wide and the Nabaganga between Kalachandpur and Baradia also used 

to be of similar size. Following formation of Halifax cut, the part of Nabaganga has 

suffered from severe depletion in flow, to such an extent that the flow direction has 

been reversed and channel has been subjected to severe siltation. In this portion, the 

width of the Nabaganga has reduced to only about 20 m during the dry season. 

  

On t he ot her ha nd t he Madhumati w as a  l arge river ha ving 500m or  more w idth. 

Diversion of  m ost of  t he M adhumati’s f low i nto t he N abaganga be low Bardia ha s 

had the effect of enlarging the channel width in this part of Nabaganga to 200-300 m 
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and has lead to the Madhumati below the Bardia severely silting up so that it is  now 

only width of 100-150m. The increased discharge in the Nabaganga between Bardia 

and G azirhaat h as l ed t o c hannel i nstability with t he f ormation of  l arge c hannel 

meanders which are still mobile. 

 

The Nabaganga is eroding its right bank creating a meanders between Ch. 60.00 Km 

and 68.00 Km. at Chander Char and Ch. 69.00 Km and 73.00 Km at Noagram. About 

80% of the high land has already been eroded by the river causing serious relocation 

problems for the inhabitants. Beneficiaries suggest loop cutting of the Nabaganga to 

prevent e rosion of  t he e mbankment ne ar Noagram i nstead of  retiring t he 

embankment ( BWDB, 1997). During the  field vi sit a t mid December 2007, the 

meanders at Chander Char and Noagram under Kalia Upazilla of Narail district have 

been selected as t he s tudy r each. Local pe ople i nformed t hat s ome of  t hem ha d t o 

shift their homesteads from the bank three to seven times and many of them lost their 

agricultural lands into the r iver. At Noagram, a school and a mosque went into the 

river. Potential erosion along the embankment of BWDB caused flood water entering 

into the agricultural lands and destroyed the Aman crop which is greatly affecting the 

livelihood as w ell a s the  s ocio-economic c ondition of  t he a rea. To protect t he 

agricultural lands from flooding, a retired embankment, which was about 20m away 

from the river bank, had been constructed along the bend as an emergency measure. 

During t he f ield vi sit of  N ovember 2008, t he t oe of  t his embankment was f ound 

already t o be at tacked by ba nk erosion (erosion rate ar ound 20m /yr) and a nother 

retired embankment h as al ready be en constructed by BWDB about a nother 25 t o 

30m away (Fig: 1.1 ). The l ocal pe ople l ost t heir l and bot h w ays di rectly by bank 

erosion as well as by land acquisition by the government for construction of retired 

embankment. Due to loss of land, poverty is engulfing the lives of the people of these 

areas of the Upozilla Kalia.  

 

CEGIS have shown a way to predict bank erosion empirically using satellite images 

for major rivers. The prediction is mainly based on dry season satellite images and  

valid f or ne xt one  year. T he pr edictions w ere l imited t o pa rticular l ocation of  the 

Jamuna, the P adma and the Lower M eghna. The resolution of  t he images used for 
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such large scale r ivers a re sufficient for their e rosion prediction while compared to 

moderate scale rivers like Nabaganga these images are coarser in resolution. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1: Emergency Retired Embankment at Noagram constructed in 2007 is now 

at threat of bank erosion 

 

Also t he e rosion vul nerability assessment r esults that CEGIS ha ve m entioned are 

within the range of 50% probability. For small rivers like the Nabaganga, empirical 

image an alysis m ay not  be  t hat m uch accurate. Again, only t he dr y s eason i mages 

may not  give t he actual s ituation f or ba nk e rosion f or n ext one  year. B ecause t he 

monsoon flow of the river greatly affect the erosion of the river bank.  In this case, 

prediction with the consideration of velocity and sediment transport characteristics of 

the river may be useful.    

 

1.3 Objectives of the Study 

The specific objectives of the proposed study are as follows: 

1 To a nalyze and e stimate e rosion of  t wo be nds ha ving m oderate a mplitude a nd 

high a mplitude a long the N abaganga r iver i n t he S outh-West r egion of  

Bangladesh. 

2 To study the effect of such erosion and channel shifting on t he livelihood of the 

people living there. 

 



 4 

1.4 Structure of the Report 

The thesis contains a total of seven chapters including this one. These are as follows: 

• Chapter One gives the general introduction, background and objective of the 

study 

• Chapter Two includes the literature review on development of flow in circular 

bends a nd t he how  river ba nk e rosion e xerts i ts effect on l ivelihood of  t he 

local people. 

• Chapter Three describes the s tudy area with location and topography, R iver 

systems, Socio-Economic condition, Bank erosion situation  

• Chapter Four gives a description of methodology of the study which includes 

collection of technical data (primary and secondary) and socio-economic data 

(primary and secondary) 

• Chapter Five co ntains analysis of  t he col lected data from p rimary and 

secondary sources. 

• Chapter Six is the chapter for results and discussion. It includes development 

of m odel s howing v elocity a nd de pth variation f or t he two be nds of  s tudy, 

calculation and estimation of erosion rate, determination of impact of erosion 

on the livelihood of the local people. 

• Chapter Seven provides conclusion and recommendations of the study. 

 

1.5 Limitations of the Study 

Though N abaganga i s a  t idal r iver, for s implification, the tida l inf luence on t he 

process of bank erosion has been neglected throughout the study. The findings of the 

case-study are limite d to the s tudy area. Extrapolation of the  r esult to other a reas 

should be  done c arefully. T he f low m odel de veloped f or t he s tudy i s onl y for 

Chander C har a nd N oagram be nds of  the Nabaganga River. A pplication of  t his 

model on other rivers will require further study and calibration.  
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CHAPTER TWO 
LITERATURE REVIEW 

 
 
2.1 Introduction 

This chapter summarizes the review of  previous s tudies conducted on de velopment 

of Channel meanders, consequent bank erosion and i ts impact on l ivelihood of  t he 

local people. 

 

2.2 Geometric Characteristics of Meandering Stream 

Alluvial r iver t ends t o d evelop be nds, w hich a re c haracterized b y s couring on t he 

concave side and silting on the convex side. The silting and scouring in a bend may 

continue due to the action of centrifugal force. The bed topography at the bends and 

the con sequent e ffects on t he ba nk i s r elated to the g eometric c haracteristics of  

meandering stream. 

 

2.2.1 Effect of Centrifugal Force on Meander Bends 

When flow m oves r ound a  be nd, t he c entrifugal f orce i s exerted upon the w ater, 

which results in the formation of transverse slope of water surface from the concave 

edge to the convex edge creating greater pressure near the concave outer edge.  

 

Figure 2.1: Development of secondary flow in bend 

Concave outer 
edge Convex inner 

edge 

Section x-x 

Silting 
Scouring 

Concave outer 
edge Scouring Silting 

Convex inner 
edge 

x x 
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To ke ep i ts own level, w ater t ends t o m ove f rom the conc ave-side t owards t he 

convex side. 

 

Hence, the water dives in, from the top at the concave end, and moves at the bottom 

towards the convex end. These rotary currents cause the erosion of concave edge and 

deposition on c onvex e dge, f orming s hoals on  the c onvex s ides. O nce be nd i s 

formed, the flow tends to make the curvature larger and larger.   

 

2.2.2 Causes of Meandering 

The widely accepted theory behind m eandering i s ba sed upon t he e xtra t urbulence 

generated by t he ex cess of  r iver s ediment dur ing f loods. D uring f loods t he r iver 

carries t remendous amount of  s ilt charge. It has been established that when the s ilt 

charge is in excess of the quantity required for stability, the river starts building up its 

slope b y de positing t he silt on i ts be d. In ot her w ords, the r iver r each becomes an  

aggrading or  o f a n accreting t ype. T his a ccretion i s t he pr imary pr ocess, w hich 

consequently leads to meandering (Garg, 1976). 

 

The increase in river slope tends to increase the width of the channel, if the banks are 

not r esistant. The ba nks ar e t hus attacked b y w ater, and in the pr ocess, one  b ank 

having weak soil strata is likely to be attacked slightly more than the other, causing 

slight de viation i n f low. T he s light de viation f rom uni form a xial f low he lps i n 

moving more and more flow towards that bank than toward the other. The process 

continues w ith m ore a nd m ore vi gour, c ausing m ore a nd m ore f low t owards t he 

former bank and forming shoals along the latter, thus accentuating the curvature of  

flow and finally producing meanders in its wake. 

 

There a re fou r independent variables, w hich govern t he m eandering pr ocess. T hey 

are (1) Valley s lope, (2) S ilt grade and silt charge, (3) Discharge, (4) Bed and s ide 

materials and their susceptibility to erosion. 
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2.2.3 Meander Wavelength 

As summarized by da Silva (2006), the Meander wavelength • M

nBM =∆

 (see the definition 

sketch i n F ig. 2.2 ) is  r elated to the f low w idth B by a  s imple pr oportionality, 

i.e. . As n •  6, and thus that the (average) meander wavelength • M can best 

be given by • M

  

 •  6B. 

 
 
 

Figure 2.2: Definition sketch of meandering stream (da Silva, 2006) 
 

2.2.4 Plan Shape of a Meander Stream: Sine Generated Curve 

It appears to be generally accepted nowadays that the centerline (in plan view) of  a 

natural r egular me andering s tream is  be st ide alized by the  s ine-generated c urve 

(Leopold a nd Langbein, 1966). A s i s w ell kno wn, t his pe riodic (along the ge neral 

flow direction x) curve is determined by the following equation 

 

        (2.1) 

 

where, lc is the longitudinal coordinate along the channel centerline, L is the meander 

length, •  is the deflection angle at any lc and • 0 is the deflection angle at  the cross 

cross-overs. 

Axis of bend 







=

L

lcπθθ 2cos0
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From the Equation, it should be clear that a fundamental property of sine-generated 

channels i s t hat t hey e xhibit a  c ontinuous va riation of t he cent reline c urvature 

1/R(=−d• /dlc) along the stream wise direction lc: at crossovers Oi, where lc = 0, L/2, 

L, . . . , etc., then |1/R| = 0; at apexes ai, where lc

 

 = L/4, 3L/4, 5L/4, . . . etc., then |1/R| 

is maximum.  

According to da Silva, (2006) the largest values of (dimensionless) curvature at  the 

apex occur for intermediate values of • 0 (• 0•  70•). The maximum possible value of 

• 0 is • 138• =  2 .41 r ad. H owever, i n pr actice, t his c an ne ver oc cur, for w hen • 0

 

 

reaches the value • 126• = 2 .20 rad, the meander loops come into contact with each 

other and the meandering pattern is destroyed.  

2.3 Location of Erosion Deposition Zones in Sine Generated Meandering Stream 

The l ocation of  t he L/2-long e rosion-deposition z ones i n s ine g enerated streams i s 

strongly dependent on • 0 (da Silva, 2008). If • 0 is small (<30°), then the ups tream 

and downstream ends of  each e rosion-deposition zone are very near to consecutive 

apex sections, ai and a i+1 

 

in the Fig. 2.2. This implies that the maximum erosion and 

deposition in the meander loops occurs very near the cross-over sections. 

If • 0 is large then the upstream and downstream ends of each erosion-deposition zone 

are very near to consecutive cross-over sections, that is Oi and Oi+1

 

 as shown in the 

Fig. 2.2. This implies that the maximum erosion and deposition in the meander loops 

occurs very near the apex sections. 

If • 0 is int ermediate, then the e rosion-deposition z ones a re s ituated s omewhere i n 

these t wo locations. T hat i s t he ups tream e nd of e ach L/2 l ong e rosion-deposition 

zone is located at a cross section between the cross over sections Oi and apex section 

ai+1

 

. 

All ot her c onditions r emaining t he s ame l ocation of  t he ups tream e nd of  e ach L/2 

long e rosion-deposition zone g radually m oves u pstream f rom t he appex a i to t he 

cross over oi as • 0 increases from 0° to 126°.  
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For any given value of • 0 and for the range of B/ havg values the location of erosion-

deposition z ones i s not  affected b y v ariation i n B /havg.For a  given va lue of  • 0 the 

larger is • M /B and (cf)avg

 

 the further upstream will the erosion-deposition zones be 

situated .  

the dimensionless distance •  equals to lc

 

/L from the apex to the center of the L/2 long 

erosion-deposition zone where deposition occurs at the inner bank and which may be 

fully or only partially contained within the meander loop whose apex is a, is used to 

characterize the type of distribution in flow plan of the L/2 long erosion-deposition 

zone. 

2.4 Bed Topography and Velocity Variation in Bends 
 
To make a quantitative description of flow in bends with movable bed, it is necessary 

first to study the motion of bed particles in channels with a small transverse slope, •  

(Fig. 2.3). The direction of the shear stress is assumed to be nearly longitudinal and 

equal to the local flow direction close to the bed. Say, it deviates from the direction 

of the mean flow b y the angle, • . The angle between the particle pa th and the bed 

shear stress is • .  

 

 

 

 

 

 

 

  

 

Figure 2.3: Motion of sediment particle on transverse sloping plane 

 

The balance of the longitudinal forces on a particle is 

αϕπγ costan]6/)1([ 3
LD FdsF −−=      (2.2) 

Direction of Shear Stress 

Mean flow direction 

Particle path 

•  

•  

•  
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Where F D and F L 

 

= the drag and lift forces, respectively; •  = the specific gravity of 

the fluid; s = the relative density of the sediment; d = volumetric sediment diameter; 

•  = the dynamic friction angle. 

The transverse component of the force is (Engelund, 1974) 

Error! Bookmark not defined. δαπγ tansin]6/)1([ 3
DL FFds −−−    

   (2.3) 

      

The tangent of the deviation angle • , must correspond to the ratio between transverse 

and longitudinal force components: 

 

δ
φ
αψ tan

tan

tan
tan −=         (2.4) 

 

Again, the angle • , by which the shear stress vector along the bottom deviates from 

the tangential direction, has an expression (Engelund, 1974) 

r

y

U

V
7tan ==δ            (2.5) 

where U and V are longitudinal and transverse components of velocity. 

so, 
dr

dy

r

y

φtan

1
7 =         (2.6) 

 or φtan7cry =          (2.7) 

where c = a constant of integration. 

and U
r

y
V 7=         (2.8) 

 

Following the works of  Leopold and Langbein (1966), i t appears to have generally 

accepted that t he s ine-generated curve be st appr oximates t he channel cent erline ( in 

plan view) of natural regular meandering streams. In practice meander bends are not 

circular a nd t he f low i s c onsequently not  uni form. S o t o c onsider a  flow i n a  

noncircular bend, orthogonal but curvilinear coordinates can be used. In this case, the 

s-coordinate is the distance along the centre line of the channel, defined as the curve 
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where the depth equals the average depth, while the coordinate, n, is perpendicular to 

the channel determined by the curvature relation (Fig. 2.4) 

  

                                                                 (2.9) 

 

 

 

 

 

 

 

 

Figure 2.4: Definition sketch for curvilinear coordinates used in meander flow 

analysis 

 

in which r is the local radius of curvature, R is the minimum radius of curvature and 

L is the meander length measured along the centre line. 

 

Introducing this equation and the coordinate, n, φtan7cry =  becomes 

φ

φ

π

tan7

tan7
0 2

cos
)(



















+=+= n

L

s
R

Cnrcy      (2.10) 

which may be written in a non dimensional form if the mean depth, D is introduced 

φπ tan7)
2

cos1(
L

s

R

n

D

y
+=      (2.11) 

To obtain an improved description of flow in a meander bend with a variable radius 

of curvature, the coordinates s and n defined previously are applied and it is assumed 

that the channel walls are still fix and vertical. The transverse component of the flow 

equation is assumed as  

)(
2

cos
2

gh
nL

s

R

V

∂
∂

=
π

     (2.12) 

L

s

Rr

π2
cos

11
=

r=r0+n 

s 

+n 

-n 
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in which V equals to the mean velocity. This equation expresses that the centrifugal 

force is balanced entirely by the pressure gradient. 

It is only approximately correct for two reasons: 

1. The influence of the friction is neglected  

2. The transverse variation of velocity is neglected. 

By integration of equation (2.12)  

L

s

R

V
nghvh

π2
cos

2

0 +=      (2.13) 

 in which h0 = the surface level corresponding to negligible inertia. At the distance n 

from the center line the length of a line element is rds/r0 in which r0

yR

rfU
gh

ss

U
U

2
)(

2

−
∂
∂

−=
∂
∂

 =mean radius of 

curvature. Thus the longitudinal flow component is  

     (2.14) 

 

If the smaller inertia terms are negligible, the equation can be linearized by  

)1( uVU +=      (2.15) 

In which U = the mean velocity for a vertical, u = incremental velocity to be so small 

that higher order terms may be neglected 

Similarly, local depth  

)1( η+= Dy      (2.16) 

In which D = the mean depth 

               •  = incremental depth  

 

Substituting e quation (16) a nd ( 13) i nto e quation ( 14), t he following first or der 

differential equation is obtained 

)2(
2

2
sin

2 22
2 ηππ

−−=
∂
∂

u
D

fV

L

s

RL

V
n

s

u
V      (2.17) 

Assuming the maximum radius of curvature R to be large compared with the channel 

width it is seen that  

•
L

s

R
n

πθ 2
cos

tan7
≈       (2.18) 
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after this linearization the solution of equation (2.17) can be written as follows 

u 





 +=

L

s
b

L

s
an

ππ 2
cos

2
sin       (2.19)  

in which a and b = the constants 

a  
22 )

2
()(

22tan7

2

LD

f

LRD

f

LRD

f

π

ππθ

+

+

=       (2.20) 

   

Error! Bookmark not defined.
22

22

)
2

()(

)
2

(
1

)(
2

tan7

LD

f

LRD

f

R

π

πθ

+

−

=b    

  (2.21) 

 

A check on the validity of the solution can be obtained by calculating the distribution 

of t he c orresponding b ed s hear s tress,τ . F or constant va lues of  f riction f actor t he 

tractive stress is proportional to the square of the velocity so that   

u21+=
τ
τ

     (2.22) 

where τ = the mean value over a cross-section. 

 

2.5 Erosion Estimation at the Bend of a River 

Flow and erosion process in r iver bends is a  process of  great importance. Different 

models ha ve b een d eveloped by r esearchers for the  e stimation of e rosion rate. 

Richardson (2002) has developed a simplified model to estimate the rate of erosion in 

meander bend. 

 

As s ummarized b y R ichardson ( 2002), o ne-dimensional m odels t ypically pr ovide 

results in terms of section averaged velocities, water surface elevation, shear stresses 

and discharge at a series of cross sections for either a steady state (e.g., HEC-1, early 

versions of HEC-RAS) or in a series of time-steps in dynamic models (e.g., MIKE-

11, UNET, HEC-RAS v3.0). To evaluate bank erosion rates in meander bends, it is 
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necessary t o convert these 1D  out put da ta t o r epresent h ydraulic c onditions a t t he 

outer bank. A  c onversion f actor (K) for s hear s tress w as de rived based on t he 

assumption that the ratio of outer bank velocity to section averaged velocity is equal 

to the ratio of channel centerline arc length to outer bank arc length. Shear s tresses 

are then assumed to be directly proportional to the square of velocity. The following 

equation describes the subsequent relationship: 

 

22

1
2







 +=










==

R

B

V

V
K

avg

toe

avg

toe

τ
τ

      (2.23) 

 

Where, K = conversion factor; • toe = shear s tress at  out er bank (N/m2); • avg = one 

dimensional shear stress (N/m2); Vtoe = depth-averaged velocity at outer bank (m/s); 

Vavg 

 

= one-dimensional s ection-averaged velocity (m/s); R = channel centerline 

radius of curvature (m); and B = channel width (m). 

Now, r iver ba nk e rosion r ate i s r elated t o t he t otal s ediment t ransport t hat c an be  

estimated by Englund-Hansen (1967) total sediment load transport formula as below: 

5MVavgqt =           (2.24) 

where M is the coefficient defined as: 

3
50

5.02)1(

05.0

Cdgs
M

−
=        (2.25) 

 

qt = volumetric total load transport (m2/s); s = specific gravity; d50 = median particle 

diameter (m); C = Chezy’s coefficient; Vavg 

 

= depth-average velocity (m/s) 

Due t o a mplified f low velocity n ear t he out er bank of  a  m eandering c hannel, t he 

sediment t ransport cap acity n ear t he out er ba nk increases as compared with the 

average sediment transport. To meet near bank sediment transport capacity, sediment 

would be  supplied t hrough bank e rosion. Therefore t he volume of  excess s ediment 

transport is equal to the volume of bank erosion (Uddin and Rahman, 2009) that can 

be expressed as: 
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bqqE avgtoev *)( −=          (2.26) 

where Ev = Erosion vol ume; q toe = outer ba nk s ediment di scharge ( m2/s); q avg = 

average sediment discharge (m2

 

/s); b = outer bank erosion width (m) assumed equal 

to bank height, h (measured from top to bottom). 

The subsequent erosion volume (Ev) is then translated to a bank erosion rate (Er

)(/ avgtoevr qqhEE −==

) by 

dividing the erosion volume by bank height. 

       (2.27) 

from equations (2.24) and (2.27) 

Error! Bookmark not defined.Error! Bookmark not 

defined.




















−=

5

5 1*
toe

avg
toer V

V
VME        

 (2.28) 

Er 

 

= Rate of erosion (m/s) 

If t he a verage c enterline ve locity i s know n and t he out er be nd ve locity can b e 

generated by any velocity distribution model, then the erosion rate can be calculated 

from the above equation.  

 

2.6 Riverbank Erosion and Associated Socio-Economic Impacts in Bangladesh 

The principal resources of Bangladesh are its land, water and people. It is estimated 

that about 50 percent of rural Bangladeshis are functionally landless (BBS, 1981). As 

the l evel of  i ndustrialization i n t he ur ban a rea cannot c ope up w ith t he num ber of  

rural-urban m igrants, t he m ajority of  B angladeshis c ontinue t o remain w holly 

dependent upon the rural land resource (Elahi and Rogge, 1990). With such resource 

base, hazardous events like bank erosion and consequent flooding makes the life and 

living too vu lnerable for t he a ffected people i n t he country. More t han 80% of  t he 

people live in the rural areas where social and economic setups are mainly based on 

the a gricultural activities. T he e rosion o f ba nklines a long bot h l arge a nd m edium 

rivers creates enormous socio-economic effect on the people who are living along the 
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river reaches.  

 

As s ummarized by Baki a nd B huiyan ( 2007), bank e rosion and s udden c hannel 

migration deteriorate the socioeconomic conditions of  f loodplain inhabitants due  to 

loss of valuable agricultural land and settlements. A large part of population becomes 

landless a nd hom eless b y this pr ocess e ach year. More t han 728,000 pe ople w ere 

displaced be tween 1981 a nd 1993 due  t o r iverbank e rosion a long t he J amuna, 

Ganges, Padma and Meghna rivers. Over 40% of the squatters had been displaced 3 

to 4 t imes, w hile 36%  h ad be en di splaced be tween 5 t o 10 t imes. S ome 14%  ha d 

been displaced over 10 times. Only 5% of the surveyed displacees had been migrated 

just one time and 8% twice. 

 

The degree of economic loss and vulnerability of population due to bank erosion has 

dramatically increased with time. The impact of land loss involves primarily the loss 

of hom estead l and, ho using s tructures, c rops, t rees a nd hous eholds. Loss o f 

homesteads force people to move to new places without any option and puts them in 

disastrous s ituations. In e rosion-prone a reas, m ost f amilies ha ve w itnessed a  

displacement in their lifetime. The displaced people usually move to nearby areas but 

migrations to distant pl aces a re not  u ncommon. A s tudy b y Elahi e t al. (1991) on 

erosion-related displacement and resettlement, mainly focused on people who remain 

within char a reas, indicated that th e di splacees move  w ithin small areas, usually 

about two miles or less. However, a large number of people normally leave chars to 

live i n ur ban s lums, on embankments, or  i n ot her di stant pl aces w hen s evere ba nk 

erosion occurs i n t he area. Displaced pe ople l ose t heir rural l ivelihood a nd face 

increasing i mpoverishment. T he m ajority of di splaced floodplain i nhabitants a re 

forced t o l ive on t he periphery of  ur ban l ife, r esettling i n bastes or s quatter 

settlements l ocated a long r ailway l ines, a bandoned br ick yards, or  f lood pr otection 

embankments.  

 

Baki a nd Bhuiyan ( 2007) a lso not ed t hat most of  t he e rosion-induced di splacees 

adopt t he j ob of  da y-labor or  r ickshaw-puller. A l arge pr oportion of  t he vi ctims 
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remain une mployed due  t o l ack of  w ork oppor tunities. In t he w ake of  de stitute 

condition, many families ar e s hattered where w omen may be come t he he ad of the 

family. Such families are normally the most deprived group. Three common effects 

on erosion-displaced family members are a severe cut in their standard of living, the 

occurrence of mental illness in the family, and the loss of valuable assets. As Rogge 

and Elahi (1989) pointed out , the ability of  people to cope with the erosion threats 

depends on t he e conomic capacity of  t hose people t o overcome flood and e rosion-

induced damage and loss. The displaced people who subsist as squatters have higher 

rates of illiteracy and unemployment relative to rural displaced people with access to 

alternate land and resources. The former are also more dependent upon c asual day-

labor employment. They turn into the group with very marginal earning and almost 

total abs ence of a ssets. Haque a nd Zaman ( 1994) a rgued t hat e ven w hen e rosion 

forces the poor to relocate to safer ground, the majority of rural poor can cope with it 

depending on the land-elite, exchanging cheap and bonded labor for free-use right of 

land or  s hare-cropping privileges. C onsequently, pe ople who are a ble t o r ely on  

existing te nancy s tructures to relocate themselves do not f ace ex treme ef fect of  

erosion. E rosion be comes c atastrophic t o t hose f or w hom s uch m itigatory coping 

strategies a re not  pos sible. T hese people a re co mpelled to migrate t o urban areas 

where they become socially and economically disadvantaged. Displacement not only 

removes p eople f rom t he m ain e conomic and s ocial f oundations upon  which t heir 

livelihoods are constructed, but forces them to face the uncertainties of surviving in a 

new and tenuous position.  

 

As e rosion oc curs a t o ne s ite, t he e roded m aterials a re nor mally de posited a t 

downstream l ocations t o f orm e merged c hars or  i slands i nside the r iver. In a  r ural 

setup, people of both banks compete for the new land, although unstable in nature, as 

new settlement f rontiers. This sometimes r esults i nto an unr esolved di spute among 

conflicting c laimants ( Zaman, 1989) . T raditionally, ow nership a nd di spute ove r 

alluvial land were regulated by local customs and titles whereby previous owners had 

access t o ne w de positional l and. S ince t he creation of  B angladesh, t he ownership 

rights o f a ccreted land w ere m ade b y t he P residential O rder of  19 72, which 

established a bsolute c ontrol of  t he government over such rights. Despite a cu rrent 
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legislation to the effect that new accretion land is for redistribution and resettlement 

of the displaced population, very few people have actually gained their due share of 

land in the newly emerged land (Haque and Zaman, 1989). 

Riverbank erosion is a major contributory factor for recurrent poverty of many of the 

people living in floodplains and chars. It is estimated that the total monetary loss due 

to flood and erosion disaster is about $500 million a year (Islam and Rahman, 1987). 

Again, e rosion m ay t rigger l ocalized f lood i n many pl aces of  B angladesh due  t o 

breaching a nd f ailure o f f lood pr otection embankments bui lt a long t he r iverbanks. 

The s ocio-economic co nsequences o f s uch local di saster ar e t remendous be cause 

people protected by embankments tend to increase their socio-economic activities in 

the protected areas ignoring the risk.  

 

2.7 Rural Livelihood Strategies 

Livelihood strategies o f the  r ural poo r are c hanging d ramatically in  r esponse to 

changes i n the e conomy. M igration and urban r emittances h ave be come m ajor 

strategies i n hous ehold l ivelihood pur suits. Access t o Natural C apital s uch as 

common property w ater r esources and access t o land are becoming s carcer f or t he 

rural poor . Access t o agricultural l abour oppo rtunities are de creasing as  the l abour 

market f or piece w ork has be come s aturated. Patron c lient r elationships ba sed on  

sharecropping are being replaced by fixed rent tenancies that can lead to a reduction 

in productive investment and crop diversity (Ahmed et al., 2007). 

 

2.7.1 Poverty and Vulnerability 

Poor households are not pushed into poverty by only one cause. One crisis event can 

increase vul nerability m aking w ay for ot her causes. Crisis e vents include na tural 

disasters such as flooding or river erosion, illness, social insecurity, dowry, and life 

crisis e vents l ike t he de ath of  a n i ncome earner. Crisis events can lead to direct 

income loss (e.g. crop damage) or coping costs (e.g. expenditures due to illness, court 

expenses f or l and l itigation, paying in terests to  money  le nders f or consumption 

loans). For t his r eason, any und erstanding of  l ivelihoods in B angladesh must t ake 

into account measures of vulnerability (Ahmed et al., 2007). 

 
2.7.2 Poverty Differentiation 
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Households a re us ually distinguished on t he basis of  a ccess t o l and, f ood s ecurity, 

housing condition, health conditions, labour activities and social networks. (Ahmed 

et al., 2007)  

(a) The Poorest Households 

The poorest households are either landless or functionally landless and may l ive on 

borrowed land. They live in dilapidated houses made of straw or bamboo consisting 

of one  r oom. They of ten suffer from  year-round f ood i nsecurity; and e at onl y on e 

meal i n the l ean season. They o ften r ely on wage l abour a s t heir m ain source of  

income-and will pledge labour or accept low wages during lean periods. 

 

The poor est hous eholds are of ten h eaded b y abandoned w idows or  a ged m en-they 

usually do  not ha ve s upport of  a ble bodi ed i ncome e arners. Both w omen a nd 

children are engaged in food foraging (gleaning rice from fields) and collecting fuel 

in t he poor er hous eholds. Begging i s a  common oc cupation of  t he poor est 

households. Illness is prevalent due to poor nutrition, unsanitary conditions, and the 

inability to pay for medicines. 

 

Extreme poverty also i s conc entrated in physically and e nvironmentally 

disadvantaged areas, such as low lying belts along major river systems that are prone 

to f looding. The bur den of  pove rty s till f alls di sproportionately on w omen as 

manifested in nutritional intakes, access to wage employment, wage rates, and social 

mobility.  
 

(b) The Poorer Households 

Women work for wages in the poorer households- wage rates are half the rates paid 

to men. Poorer households are indebted to money lenders; they rarely get access to 

NGO loans. Access to social capital is limited to the poorer households because they 

can not reciprocate-the inability to entertain guests limits  s ocial c ontact. Poorer 

households usually have very poor clothing-this can prevent children from attending 

school. 

 
Poorer households do not  have good access to health care-they rely on local village 

doctors. They have poor  s anitation, a nd hi gh incidence of  di arrhea. They have no 
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time to participate in community activities. Poorer households have difficulty paying 

dowry which is a  s ource of  m uch dom estic c onflict a nd violence di rected t owards 

women (Ahmed et al., 2007).  

2.7.3 Indicators of Livelihood Security 

Livelihood insecurity in Bangladesh is highly related to vulnerability. For this reason 

it is important to look at the status of each of the capitals available to households to 

determine their status. Indicators can be grouped under natural capital, human capital, 

social capi tal, political capital, physical c apital, and economic capi tal. These 

indicators c an be  c ollective i ndicators or  individual hous ehold i ndicators. T he 

vulnerability indicators are discussed below (Ahmed et al., 2007). 

 

Natural Capital 

• Access to common property resources 

• Level of natural vulnerability that an area is exposed to (flood prone, char) 

• Leasing out  ponds and water bodies to wealthier households on a  long term 

basis 

• Fixed rent tenancy 

• Declining access to capture fish 

• Conflict over beel access 

• Increased prevalence of agro-chemicals in water bodies 

• Living on borrowed land 

• Arsenic in drinking water 

• Increased sedimentation of rivers due to flood control measures 

• Increasing land prices 

Human Capital 

• Levels of illiteracy 

• Drop out rates for boys 

• Age of marriage of daughters (in relation to dowry) 

• Poor sanitation and hygiene awareness 
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• Reliance of village local doctor 

• Access to clothing 

• Number of meals consumed in lean season 

Social Capital 

• Ability to borrow money from other households for consumption and dowry 

• Level of domestic violence against women 

• Crime and insecurity 

• Police harassment 

• Mobility of women to go to the market 

• Divorce rate 

• Poor vertical linkages across poverty categories 

• Level of participation of the poor in community meetings 

• Participation of wealthier households in securing dowry for poor households 

• Sharing VGD cards 

• Level of sharecropping 

 

Political Capital 

• Village use of connections to UP office for access to services 

• Effect of  l ocal government cha nges on access t o services and political 

patronage 

• Amount of rent paid for access to VGD card 

• Ability of  w ealthier households to secure lon g te rm leases t o common 

property (water bodies, marsh land) 

• Ability of wealthier households to use police to harass poorer households to 

gain access to resources 

• Regulatory agencies stopping captured fishing 

 

Physical Capital 

• Negative impact of flood embankment structures 

• Condition of house (straw, bamboo, number of rooms) 

• Access to transport equipment 
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• Road access in the rainy season 

• Access to latrines 

 

Economic/Financial Capital 

• Level of interest paid by the poor to moneylenders for consumption loans 

• Access to loans from NGOs 

 

Livelihood Strategies 

• Pledging labour in advance 

• Women’s wage rates 

• Reliance on children working to support the household 

• Reliance on agricultural wages 

•  Wage rate differences across seasons 

• Share rearing livestock 

• Gleaning rice from harvested field 

• Leasing ponds to wealthier households 

• Women and children reducing consumption in lean season 

• Migration due to flooding 

 

Outcome Indicators 

• Access to food in lean season 

• Number of months food insecure 

• Nutritional Status 

• Access to adequate housing 

• Literacy and numerical understanding levels 

• Health status 

• Community derived livelihood category 

• Social mobility 
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CHAPTER THREE 
THE STUDY AREA 

 

3.1 Location  

The study ar ea was s elected on the ba sis of  the de teriorating s ocio-economic 

condition of  t he l ocality due to s evere bank erosion of  t he river N abaganga. 

Nabaganga i s e roding i ts r ight ba nk at C hander C har a nd N oagram. These two 

villages are located in Kalia Upazilla of  Narail d istrict. It covers the planning uni ts 

(PU) SW10 a nd S W5. The river bend at Chander C har starts f rom Latitude 

23º3´25.01´´ N  and Longitude 89º39 ´13.07´´E a nd ends a t Latitude 23º2 ´48.60´´ N  

and Longitude 89º37´34.19´´E. Some distance downstream from Chander Char Bend, 

the Noagram bend starts from Latitude 23º2´31.48´´ N and Longitude 89º37´15.59´´E 

and ends at Latitude 23º1´3.05´´ N and Longitude 89º35´59.95´´E. The location map 

of the study area is presented in Fig. 3.1.  

 

3.2 Topography 

The area is a low lying area with high land on the river bank where homesteads were 

located. A ccording t o t he l ocal p eople, due  t o c onsecutive r iver ba nk erosion a nd 

land a cquisition f or r etiring e mbankment, the hi gh l ands a re a lmost l ost. T he 

embankment t op l evel v aries f rom 4.0 mPWD to 6.7  mPWD. There a re l ow l ying 

lands in the inner side of the flood control embankment. These are called beels. The 

beels dr y up dur ing t he dr y s eason but  are d eeply flooded du ring t he m onsoon 

(BWDB, 1997)  

 

3.3 Climate 
 
The mean monthly ma ximum te mperature va ries f rom a  m inimum i n January of  

25.8ºC to a  peak of  35. 8ºC in April. There is a  s ignificant diurnal f luctuation with 

mean monthly minimum temperatures varying from about 12ºC to 26.3ºC. Between 

April a nd O ctober t he mean m onthly t emperatures r emains f airly constant w ith 

changes of only about 2ºC (BWDB, 1997). Relative humidity is high throughout the 

year with a  monthly average varying f rom 63% to 89%. Humidity is the highest in  

the monsoon period of June to October.  
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Figure 3.1: Location of Study Area       Source: Banglapedia (Internet Edition) and Google Earth, 2009
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Potential evaporation rates reflect seasonal patterns with the highest values up to 4.4 

mm/day dur ing t he pr e-monsoon i n A pril a nd Lowest r ates of  about 2m m/day 

occuring in January. The nearest rainfall station to the study area is at Narail (R-461). 

According to the measurement of  this s tation, this area i s under the range of mean 

annual rainfall 790mm. The rainfall exhibits a seasonal pattern with a single flatened 

peak o ccuring i n J uly and A ugust a nd a bout 71% of  t he t otal oc curing i n t he 

monsoon m onths of  J une t o S eptember. The period of  November t o M arch i s 

significantly dry with only 6.3% of the annual total. 

 
 
3.4 Hydrology 
  
The river Nabaganga bifurcates at Kalachandpur of Narail district forming a western 

branch n amed C hitra and r ejoins C hitra a t do wnstream ne ar Gazirhaat. A nother 

major r iver M adhumati was ve ry cl ose t o Nabaganga a t B ardia and bot h t he r iver 

were joined by digging of Halifax cut at this point in the early 1900's. Diversion of 

most of the Madhumati’s flow into the Nabaganga at Bardia, resulted in significant 

enlargement of  t he N abaganga cha nnel be tween Bardia and  Gazirhaat, with 

consequent r eduction i n t he f low i n t he M adhumati dow nstream of  Baradia. The 

Nabaganga be tween K alachandpur and B ardia i s a bout 150m  w ide. On the ot her 

hand, the Madhumati was a large channel of 500m or more width. Diversion of most 

of the Madhumati's flow into Nabaganga below Bardia has had the significant effect 

on e nlarging t his pa rt of N abaganga t o 200 -300m w ide a nd ha s l ead t o t he 

Madhumati below Bardia severely silting up so that i t is now only 100-150m wide. 

The increased discharge i n Nabaganga be tween B ardia and Gazirhaat ha s led to 

channel instability with formation of large channel meanders which are still mobile. 

 

In the study reach between Baradia and Gazirhaat there is no discharge measurement 

station but one water level s tation at Gazirhaat. Salinity measurements a re t aken at 

high and low water slacks on a fortnightly basis (BWDB, 1997). 

  

3.5 Demography 

As the s tudy area i s located in Kalia Upazilla, the demmographic characteristics of  

the upazilla will reflect that of the study area. Kalia Upazilla with an area of 317.64 
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sq. km  ha s a  popul ation of  196747. Amongst them, num ber of  m ale i s 50.58% , 

female 49.42%; Muslim 76.72%; Hindu 23.27% and Christian 0.01%.  

Average literacy of the area is 31.9% amongst which male literacy 38.4% and female 

literacy 25.3%. The s ignificant educational ins titutions are Kalia P ilot High School 

(1865), Baraipara Primary School (1850) and Babra Primary School (1895). 

Main occupations Agriculture 43.64%, fishing 2.48%, agricultural labourer 19.39%, 

wage l abourer 2.15% , i ndustry 1.57%  c ommerce 13.42% , s ervice 6.98% , t ransport 

2.02%, and others 8.35%. Total cultivable land is 21157 he ctares and fallow land is 

728 he ctares. i n t he c ultiveble a rea, s ingle c rop 34.62% , doubl e c rop 4 4.1% a nd 

treble c rop l and 21.28% a nd l and unde r i rrigation 18.51% .Among t he pe asants 

14.40% a re l andless, 25 .85% a re m arginal, 31. 61% s mall, 21%  i ntermediate a nd 

7.15% are rich. 

 

3.6 Infrastructure 

Embankment: to protect the low-lands from flood water, a flood control embankment 

with de sign c ross-section 4.3m  c rest w idth, s ide s lope 1: 3 a t r iver s ide and 1: 2 a t 

country side was constructed. The embankment has been retired five to seven times 

both at Chander Char and Noagram bends. 

 

Drainage C hannels: t here ar e some dr ainage cha nnels and kha ls t hat drains out  t he 

excess drainage water to Nabaganga River through outfall regulators. 

 

Noagram Regulator: Noagram Regulator is  a  s ingle vent f lushing regulator used to 

supply water to an area of about 700ha. The regulator is at the risk to be washed out 

by bank erosion (appendix-D). 

 

3.7 Bank Erosion Situation 

According to the local people, the r iver Nabaganga has above 100 years history of  

bank e rosion. The i ncreased discharge i n l ower N abaganga b etween Bardia and 

Gazirhaat ha s l ed to channel instability with formation of la rge c hannel me anders 

which is still mobile. The river flow is attacking the bank directly at Chander Char 
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and Noagram. Local people informed that some of them had to shift their homesteads 

from the bank three to seven times and many of them lost their agricultural lands into 

the river. At Noagram, a school and a mosque went into the river. Potential erosion 

along t he e mbankment of  BWDB c aused f lood water e ntering i nto t he a gricultural 

lands and destroyed the Aman crop which is greatly affecting the livelihood as well 

as the socio-economic condition of the area. The people of these area stated that they 

are losing the highlands for homesteads.  Many of the people have become landless 

as well as poor. According to the information of the Union Parishad chairman as well 

as the common people of Noagram, 25% of the total people, being landless, left the 

village. Bank erosion has broken their social bondage. 
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CHAPTER FOUR 

METHODOLOGY 

 

4.1 Selection of the Study Area 

The N abaganga i s e roding i ts r ight ba nk a t M ahajan, C hander C har a nd N oagram 

(BWDB, 1997). D uring the f ield vi sit a t m id D ecember 2007,  the high a mplitude 

meander at Chander Char and a moderate amplitude meander at Noagram have been 

selected as the study reach for comparative analysis. The main criterion of selecting 

the s tudy reach was the severe e rosion of  Nabaganga in its r ight ba nk at Chander 

Char and Noagram of Kalia Thana in Narail d istrict. Comparison of  t he 1: 50,000 

maps w hich a re da ted 1 972-73, 1: 50,000 t hana m aps a nd 1992 1: 50,000 s atellite 

imagery shows that large changes in the course of Nabaganga have occurred in this 

period, a nd pr esumably this i nstability w ill c ontinue i n f uture (BWDB, 1997). At 

chander Char, the river i s e roding i ts bank a t the apex of  the bend and the bend i s 

getting l arge i n amplitude w hereas a t N oagram, t he be nd s hows a  t rend t o m ove 

downstream. About 80 % of  t he hi gh l and has al ready b een er oded by the r iver 

causing serious r elocation pr oblems f or t he i nhabitants and c onsequent uns table 

socio-economic c ondition in the ar ea (BWDB, 1997) . Interviews wi th BWDB 

officials and local people were conducted to identify the study area.  

 

4.2 Data Collection 

The process of  d ata collection consists of  t wo aspects: socio-economic as pect and 

technical as pect. Both pr imary a nd secondary da ta were r equired for social and  

technical an alysis. Two field visits, in mid December, 2007 a nd November, 2008 

have be en m ade t o b etter unde rstand the s ituation and f or collection of  da ta. 

Qualitatve da ta ha ve b een collected mainly from the  f ield while mo st of  the  

quantitative da ta ha ve been c ollected from t he s econdary s ources. A number of  

methods i .e. s tructured a nd non -structured i nterviews, F ocus Group D iscussion 

(FGD), Seasonal Calender, position identification with GPS, collection of data from 

secondary sources have been used to extract data for the case study.  Data collection 

focused on the extent of erosion effect on l ivelihood opportunities and on household 

economy. 
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4.2.1 Primary Data Collection 

 

(a) Selection of Sample Household 

In Noagram, num ber o f vi llagers i s a bout 3000, of w hich 25% t o 30% of  t he 

villagers, being la ndless, have al ready l eft t he village. Most of  t he r ested pe ople 

(about 2000 vi llagers) shifted towards the ups tream and downstream of  the erosive 

portion of  the bend. 15 households with 60 t o 75 members are living their days in 

great misery on the BWDB embankment. Just adjacent to the embankment inside the 

village, a large portion of land is low-lying beel area. More than a km away from the 

retired embankment, homesteads a re s ituated. These people a re not  yet affected by 

the bank erosion of Nabaganga.  

 

In C hander C har, out  of  f our m ouzas, t hree h ave a lready be en w ashed out b y the 

river and onl y a s mall portion of  a m ouza i s r ested. Almost all t he pe ople of  t he 

village have lost their agricultural lands and homesteads and left the village. Some of 

them have shifted to another vi llage nearby named Mauli and Babra. Maximum of 

the diplacees left for the city, some also have left the country to earn their livelihood 

as a  labour i n f oreign c ountries. Only 12 l andless hous eholds with a bout 50 t o 60  

members are living on the embankment.  

 

So t he t otal 27  households with a bout 135 v illagers of bot h t he vi llages w ho ha ve 

already los t a lmost a ll the ir a gricultural la nd and homesteads a nd living on the 

embankment, have been considered as the sample households for this study.  

 

(b) GPS Positioning 

Position of the massive erosion spots both for Chander Char and Noagram, breached 

portion of  t he f lood embankment and ot her i mportant s tructures have be en 

determined in the field with hand GPS. 

 

(c) Field Reconnaissance /Observation  

Field r econnaissance w ere done  t hree t imes bot h f or N oagram a nd C handerchar t o 

get clear idea about the location, erosion situation, socio-economic activities of local 
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people t o m aintain t heir l ivelihoods, hous ehold a ctivities, a lternate s cope f or 

maintaining livelihood and many other important things. 

Type of soil, width of the river, length of the meanders, height of the embankment, 

distance of retired embankment from the old one and many other technical data were 

taken out from field observation. 

 

(d) Focus Group Discussion (FGD) 

Six FGDs have been conducted with the l andless or pa rtially l andless farmers, day 

labourers, female group a nd m ixed g roups o f community pe ople. Guidelines t o 

conduct FGDs were developed on the basis of the objective of the study. 

 

(e) Seasonal Calendar 

The livelihood activities of the local people in different months of the year have been 

collected to prepare the seasonal calendar. It has been prepared on the basis of  the 

information g iven b y t he l andless f armers, da y l abourers, f emale g roups, 

shopkeepers, school teachers and students. 

 

(f) Interviews 

Interviews were c onducted in the lig ht o f the  obj ectives to gather qualitative 

information on bank erosion of Nabaganga river and its impact on t he livelihood of 

the local people. Both structured and non-structured interviews were conducted with 

landless farmers, landless women, Union Parishad Chairman, Primary and Secondary 

school teachers, shopkeepers, day labourers, aged persons and officials of BWDB.  

 

4.2.2 Secondary Data Collection 

Related publications (books, journals, research reports, articles published in the news 

papers, maps) have been consulted for collection of relevant secondary data on study 

area. Beyond t hese, da ta on river be d characteristics, cross-section, m onthly w ater 

level and discharge have also been collected from BWDB, IWM, CEGIS and some 

other government and non-government organizations. 
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4.3 Data Analysis 

The collected data has been analyzed considering both social and technical aspect of 

river bank erosion. Both the primary data collected from the local level as well as the 

secondary da ta, have b een used both for social and technical ana lysis. Technical 

analysis resulted in estimation of bank erosion r ate t hrough development of  flow-

erosion model and s ocio-economic an alysis i ncluded the ana lysis of  livelihood 

opportunities with decrease in land resources and increase in poverty level.  

 

 

 

 

 

 

 

 

 

 

 

 

 

                     

 

 

 

 

 

 

 

Figure 4.1: Methodology followed for the study 
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CHAPTER FIVE 

DATA ANALYSIS 

 

5.1 Introduction 

Analysis of data consists of the technical aspect as well as the socio-economic aspect. 

The t echnical ana lysis i s l argely d ependent on social as pect of  d ata an alysis. The 

technical da ta ha ve be en verified based on l ocal pe ople’s i nformation a nd t hen 

analysis has been done in both social and technical aspect. 

 

5.2 Technical Analysis 

For estimation flow and erosion, the flow parameters were required to be calculated. 

The discharge and  w ater l evel da ta, cross-sectional da ta and  s atellite i mages ha ve 

been analyzed to calculate the flow parameters. The related information from social 

survey data have also been used in this purpose.  

 

5.2.1 Discharge and Water Level 

The di scharge and water l evel da ta of  t he year 2005 -06 collected from IWM (Fig. 

5.2, 5.3) shows relevancy with the field information collected from the local people. 

The seasonal calendar (Table. 5.1) shows that the month of August-September is the 

critical time for river bank erosion in the study area.  The hydrographs show that the 

discharge s tarts i ncreasing i n the m onth of  J uly and r eaches t he p eak w ithin t he 

month of  A ugust a nd September. T he f low h ydrograph also reflects the  tida l 

influence in the flow of Nabaganga. Also the monthly Highest Water Level data (Fig. 

5.3, 5.4, 5.5 ) collected from BWDB matches the local people’s consent. The water 

level slope has been taken 4cm/km according to the design consideration of BWDB 

(Appendix-C). 
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Table 5.1: Seasonal Calendar Related to River Erosion and Livelihood Activities Collected from the Local People 

 

Note: “Y” denotes “Yes”.  

 

                                   Month 
 
Pts. of observation 

Apr.- 
May 

May- 
Jun 

Jun- 
Jul 

Jul- 
Aug 

Aug- 
Sep 

Sep- 
Oct 

Oct- 
Nov 

Nov- 
Dec 

Dec- 
Jan 

Jan- 
Feb 

Feb-
Mar 

Mar-
Apr 

Severe Bank E rosion/ l oss of  
land 

    Y        

Shift of Home-stead    Y Y Y       
Increased Flow   Y Y Y        
Dry Period Y Y          Y 
Main occupation (Cultivation)       Y Y Y Y   
Other occupation (Sand loading 
in strollers, collection of w ater 
lily, day Labourer)   

Y Y Y      Y Y Y Y 

Loss of Aman Crop     Y        
Destruction of Mosque, School     Y        
Lack of work   Y Y Y Y       
Maximum School attendance Y Y Y       Y Y Y 
Drinking Water Source (TW) Y Y Y Y Y Y Y Y Y Y Y Y 
Communication t hrough r iver 
(Small boats) 

Y Y Y  Y Y Y Y Y Y Y Y Y 

Fishing             
Sell       Y Y Y Y Y  
Disruption of  c ommunication 
through the upstream ferri-ghat 

Y Y Y     Y Y Y Y Y 
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Figure 5.1: Discharge hydrograph of Nabaganga River (2005-2006)       (Source: IWM) 

  

 

 

 

 

Figure 5.2: Water level hydrograph of Nabaganga River (2005-2006)     (Source: IWM)
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         Figure 5.3: Monthly high water levels (1990-1994)                                 (Source: BWDB, 2006) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
           Figure 5.4: Monthly high water levels (1995-1999)                                 (Source: BWDB, 2006) 
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                Figure 5.5: Monthly high water levels (2000-2004)                                 (Source: BWDB, 2006) 

 
 

 

 

 

 

Monthly Highest Water Level of Nabaganga River(2000-04)

0.00

1.00

2.00

3.00

4.00

5.00

6.00

2000 2001 2002 2003 2004

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec



 37 

5.2.2 Cross-Sectional Data 

The cross-sectional data of 2002 and 2005 have been compared and the erosion rate 

at the study reach has been calculated (Fig. 5.6 (a-g)). To calculate the erosion rate 

from t he c ross-sectional da ta, the r iver cr oss-sections ha ve be en di vided i nto a  

number of  s trips a long t he s ection. T hen t he di fference i n be d l evel f rom 2002 t o 

2005 at each point has been determined by deducting the bed level of 2005 from that 

of 2002. T he poi nts g iving pos itive va lue m ean e rosion a nd ne gative v alues g ive 

deposition. T he t otal v olume of  t he e rosion strips pe r m eter l ength ha s b een 

calculated by trapezoidal method. The erosion volume at each cross-section has been 

divided b y the average erosion depth of  t hat s ection. This gives t he width of  bank 

erosion f or 3 years f rom 2002 t o 2005. D ividing t he a mount b y num ber of  years 

finally gives erosion in m/year. Then the average of erosion rate at all cross-sections 

has been determined. 

    

The cr oss-sectional da ta w as a vailable f rom the B WDB s tation RMNGA1 to 

RMNGA8. The cross section at station RMNGA3 show severe right bank erosion at 

Chander Char and at RMNGA6 gives a view of right bank erosion at Noagram. The 

average bed-level scour from 2002 to 2005 is about 0.5 m.  

 

The average width of the river at the study reach (B), cross-sectional area (A), wetted 

perimeter (P), hydraulic r adius ( R), the f riction factor ( f) and Chezy’C ha ve b een 

calculated from cross-sectional analysis (Fig. 5.6 (a-g)). The cross-sectional area (A) 

has been calculated by t rapezoidal m ethod. To determine t he wetted perimeter, the 

cross-sectional boundary has been divided into small straight lines considering each 

straight l ine as t he h ypotenuse of  a s mall r ight angled triangle. The l ength of ea ch 

hypotenuse ha s be en c alculated f rom t he ( x,y) coordinate of  t he t wo c onsecutive 

points. The s ummation of a ll the se le ngths gives the  w etted perimeter ( P) f or tha t 

cross-section for a  given water level. The value of R, f  and C has been determined 

with the equations (Chow, 1973) 

P

A
R =        (5.1) 

2

8

V

gRS
f =       (5.2) 
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and 
RS

V
C =       (5.3) 

where S = Channel Slope and V = the section average velocity. 

The average width of the river at Chander Char is 414m and at Noagram it is 300m. 

The average velocity of the channel i .e the channel centerline velocity for any t ime 

has be en calculated from t he di scharge c rossing an y channel cross-section at tha t 

particular time and the corresponding water level. Analysis of cross-sections for WL 

2.95 m PWD c orresponding t o t he dominant di scharge c alculated from t he pe ak 

discharge (Appendix-C) in 2005 ha s been shown in Table 5.2 & 5.3. The dominant 

discharge has been calculated by the equation (Garg, 1976). 

)arg.(max
16

9
min edischQ antdo =       (5.4) 

The r eason be hind us ing t his di scharge i s t hat f or na tural r ivers, t he dom inant 

discharge determines the meander length and meander belt. At maximum discharge, 

the main flow swings away from the bend and erosion at the bank is reduced (Garg, 

1976). 

Figure 5.6 (a): Comparison of Nabaganga Cross-sections at RMNBGA-2 (2002 and 

2005) 
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Figure 5.6 (b): Comparison of Nabaganga Cross-sections at RMNBGA-3 (2002 and 

2005) 

 

Figure 5.6 (c): Comparison of Nabaganga Cross-sections at RMNBGA-4 (2002 and 

2005) 
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 Figure 5.6 (d): Comparison of Nabaganga Cross-sections at RMNBGA-5 (2002 and 

2005) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.6 (e): Comparison of Nabaganga Cross-sections at RMNBGA-6 (2002 and 

2005) 
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Figure5.6 (f): Comparison of  Nabaganga Cross-sections at  RMNBGA-7 (2002 and 

2005) 

 
 
 
 
Figure 5.6 (g): Comparison of Nabaganga Cross-sections at RMNBGA-8 (2002 and 

2005)
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Table 5.2: Cross-Sectional Analysis with WL 2.95 on Sept. 2005 

X-
sect

y (m) 
2002 n 

R (m) 
2002 

y (m) 
2005 

R (m) 
2005 

Avg. 
Hydraulic 

Radius, R at 
Chander 

Char= 

Avg. 
Hydraulic 

Radius, R at 
Noagram= 

C at 
Chander 
Char 

C at 
Noagram 

          2002 2005 2002 2005     
NGA3 5.71 5.74 7.29 6.82 

6.69 7.34 

    

74.93 

  
NGA4 6.81 6.22 7.09 7.12       
NGA5 8.16 7.53 8.07 7.65 

7.74 8.54 65.27 
NGA6 9.09 6.65 9.16 8.41       
NGA7 8.51 6.51 9.49 8.45       

 

 

Table 5.3: Calculation of Average Velocity and Friction Factor f for WL 2.95 on Sept. 2005 

X-
sect

A(m
n 

2 A(m) 
2002 

2
Avg. X-Sectional 

area,A(m) 
2005 

2
Avg. X-Sectional 

area,A(m) at 
Chander Char= 

2

Q 
) at 

Noagram= 

Average 
Velocity, V(m/s) 
at Chander Char 

Average 
Velocity, V(m/s) 

at Noagram 

f at 
Chander 

Char 

f at 
Noagram 

      2002 2005 2002 2005 

2248.39 

2002 2005 2002 2005     
NGA3 2090.09 2693.72 

2617.25 2953.46 

                
NGA4 2882.53 3183.27     

- 0.76127 - 0.73876 
    

NGA5 2879.13 2983.39 

2741.09 3043.45 

0.03976 0.04912 
NGA6 3081.80 3388.82                 
NGA7 2262.34 2758.14                 
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5.2.3 River Bed Material 

Average size of river bed material has been considered as 0.03mm according to the 

design consideration of BWDB (Appendix-C). According to the ASTM standard the 

soil with average grain size 0.03mm falls in the category of silt which is very close to 

clay. So the soil can be considered as lean clayey soil. From the field visit it has been 

observed that the bank e rosion occurs in lumps of soil. So the soil material can be 

considered as f airly compact t o l oose. T he p ermissible uni t t ractive f orce f or s uch 

soil is considered as 0.06lb/ft2 or 0.293 k g/m2 (Chow, 1973). The unit weight of silt 

is 110lb/ft3 or 1762 kg/m3

 

. So the specific weight has been considered for silt 1.68.  

5.2.4 Model Representation of the Study Reach 

In this study, the channel centerline has been represented by a sine generated curve, 

 

    (5.5) 

 
where, s is the longitudinal coordinate along the channel centerline, L is the meander 

length, •  is the deflection angle at any s and  • 0 is the deflection angle at  the c ross 

cross-overs. T he va lues of  • 0 have be en estimated from t he s atellite i mages o f 

Nabaganga r iver bend ( Fig. 5.7  and 5.8). The • 0 

 

value for Chander Char has be en 

taken as 85 degree and for Noagram it is 65 degree. The length of the bend estimated 

from t he s atellite i mage ha s be en t aken 10461m  f or C hander C har and 5617m f or 

Noagram. 

The channel width has been divided into 10 l ongitudinal sections, five of which are 

towards the outer bend from the centerline and five are towards the inner bank. One 

wavelength has been divided into 64 e qual sections. Thus a grid with x  (horizontal 

direction) and y (vertical di rection) coordinates at each point has been constructed. 

Based on E nglund’s equations (1974) derived for computation of bed topography in 

bends, a  f low m odel ha s be en de veloped f or t he s tudy reach us ing s preadsheet 

programming ( Appendix-A). T he m odel generates r esult of  poi nt (2-D) velocity, 

shear stress and depth along the long-sections and cross-sections defined within the 

study reach taking the inputs of  average depth, velocity, s lope, width and length of  

the channel and the • 0







=

L

sπφφ 2sin0

 value. 
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Figure 5.7 (a): Determination of • 0

 

 of Chander Char bend from satellite image 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.7 (b): Model representation of Chander Char bend  
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Figure 5.8 (a): Determination of • 0

 

 of Noagram bend from satellite image 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.8 (b): Model representation of Noagram bend  
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(2.28). The model generates result of erosion rate per year and the new coordinate for 

the shifted bank using the results given by the velocity model.  

 

(a) Estimation of Flow Parameters 

• Calculation of Velocity in the Outer Bend : 

From t he a verage ve locity i nput (Table 5.3 ) in t he c hannel centre l ine, t he poi nt 

velocities at the others points including the outer and inner bank have been calculated 

with t he he lp of  t he e quations de rived b y E ngelund f or f low i n non -circular be nds 

(Engelund, 1974). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.9: Resultant point velocities in Noagram bend generated by the velocity 

distribution model 
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The generated velocities at grid points of Chander Char and Noagram bend have 

been shown in Figure 5.9 and 5.10 respectively 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.10: Resultant point velocities in the Chander Char bend generated by the velocity 

distribution model 
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bank. Then due to opposite reaction of the concave bank velocity decreases and again 

due to reaction of the convex bank the velocity gets higher than before. That is why 

in N oagram l oop i t ha s be en f ound t hat t he b end i s s hifting do wnstream due  t o 

increased velocity before the second cross-over than after the first cross-over.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.11: Comparison of longitudinal velocity distribution in the right and left 

bank of Chander Char bend 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 5.12: Comparison of longitudinal velocity distribution in the right and left 

bank of Noagram bend 
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• Calculation of Shear Stress in the Outer Bend 

The average shear stress in the channel centerline has been calculated by the equation 

0.97wys (Chow, 1973) . The point shear s tress f or t he water l evel corresponding to 

the pe ak di scharge i n S eptember, 2005 at di fferent poi nts of  t he c hannel ha s be en 

calculated by using the equations derived by Engelund for flow in non-circular bends 

(Engelund, 1974).  

 

For N oagram be nd t he point shear s tress s how t he m aximum va lue at  t he out er 

concave be nd a nd a lmost a t a ll the poi nts of  the be nd t he s hear s tress c rosses t he 

permissible value of 0.293 (Figure 5.13). So the in this bend the erosion takes place 

all a long t he b end a nd the be nd m oves down stream. O n t he ot her ha nd, a t t he 

Chander Char bend the point shear stress crosses the permissible value only near the 

peak of  t he b end (Figure 5.14) . S o t he e rosion here dom inates a long t he di rection 

perpendicular to the channel centerline. 

 

Figure 5.13: Comparison of longitudinal Shear Stress distribution in the right and 

left bank of Noagram bend 
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Figure 5.14: Comparison of  l ongitudinal Shear S tress distribution in the out er and 

inner bank of Chander Char bend 

 

• Calculation of Depth in the Outer Bend 

From Figure 5.15 and 5.16 it is evident that in the outer bend of the meander reach, 

the de pth of  t he c hannel i s t he m aximum dow nstream of  t he pe ak of  t he be nd but  

upstream of the second cross-over. The figures also give an idea about development 

of alternate pool s a nd l obes i n t he be nds of N abaganga a ccording t o t he 

characteristics of a meandering channel.   

Figure 5.15: Comparison of right and left bank depth variation in Chander Char bend 
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Figure 5.16: Comparison of inner and outer bank depth variation in Noagram bend 
 

From Figure 5.11 t o 5.16  it ha s be en obs erved t hat f or N oagram be nd, t he s hear 

stress, velocity and depth along the channel shows gradual r ise and fall for being a 

moderate a mplitude be nd. O n t he ot her ha nd C hander C har be nd b eing hi gher i n 

amplitude a nd ha ving s harp t urns s hows r apid rise a nd f all of  ve locity a nd s hear 

stress. 

 

(b) Erosion Estimation of River Bank 

To c alculate t he r ate of  e rosion di fferent poi nt a long t he s tudy r each, t he m odel 

requires input of  specific gravity (s ), the d 50 value 

 

and the Chezy’s coefficient (C). 

With these values, the model calculates the coefficient M by equation (2.25). Then 

with the flow model generated velocities at the centerline and in the outer bank, the 

erosion rate ( Er) is ca lculated by equation ( 2.28) in m/sec. To calculate t he yearly 

erosion rate, one week duration is considered when the dominant discharge arrives at 

the c hannel dur ing m onsoon. A ccording t o t he l ocal pe ople, t he m aximum e rosion 

occurs in a week of August-September. So by multiplying the erosion rate in m/sec 

by one week duration, the yearly erosion rate is found. For large rivers like Jamuna 

with l arger s ediment s ize,the e ffective e rosion o ccurs f or t hree w eeks ( Uddin a nd 

Rahman, 2009) 
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5.3 Socio-economic Analysis 

 

5.3.1 Position in the Poverty Index 

In the poverty index, all rural thanas of Bangladesh were classified into four poverty 

categories: very high, high, moderate and low relative poverty areas (BWDB, 1997). 

The indicators used to derive the poverty index (analogous to the method used for the 

UNDP Human Development Index) were 

• Incidence of natural disaster 

• Food grain deficit 

• Agricultural wage rate 

• Proportion of house holds not owning agricultural lands 

• Proportion of unemployed persons 

• Proportion of widowed, divorced, and separated women 

• Proportion of illiterate women 

The three thanas of Narail district fall into the following poverty categories: 

 

Table 5.4: Comparison of Kalia Upazilla with Other Two Upazillas with Respect 

of Poverty Line 

Upazillas within Narail district            

 

Poverty category 

 Narail Sadar Upazilla moderate 

 Kalia Upazilla very high 
Lohagora Upazilla high 

 
(Source: s outh-west ar ea water r esources d evelopment p roject f easibility s tudy d raft final r eport, 
1997) 

 

Table 5.4  shows that compared to other thanas, Kalia was a t the  worst s ituation in 

consideration of  pove rty l ine. O ne of  t he m ain r easons be hind t his s ituation i s no  

other thana in district is directly exposed to the severe erosion of the river Nabaganga 

as Kalia.  The continued erosion in such a rate has made the situation worse. 

 

5.3.2. Present Occupational Status 

Table 5.5  and t he corresponding pl ot ( Fig. 5.17) s how that m ost of  t he people a re 

dependent directly on agriculture and agricultural labour to earn their livelihood. The 

percentage o f pe ople e arning t heir l ivelihood b y fishing i s very l ow. In s uch a n 
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occupational s tructure, c ontrol of  c ultivable l ands b y t he l ocal pe ople m ust hol d a  

great importance. The land control scenario of Kalia Thana which may also represent 

the study area has been shown in Table 5.7 and Figure 5.18. 

 

 

 

 

 

 

 

 

 

Figure 5.17: Occupation distribution of Kalia Upazila representing the study area 

 

Table 5.5: Occupation Distribution of Kalia Table 5.6: Land Use of Kalia 

Upazilla      Upazilla 

Occupation Percentage (%)  Land Use Area  
Agriculture 43.64%  Total cultivable land 21157 ha 
Agricultural labourer 19.39%  fallow land 728 ha 
Commerce 13.42%  single crop 34.62% 
Service 6.98%  double crop 44.1% 
Fishing 2.48%  treble crop land 21.28% 
Wage labourer 2.15%  land under irrigation 18.51% 
Transport 2.02%    
Industry 1.57%    
Others 8.35%    
Source: Banglapedia (Internet Version) 

Table 5.7:  Land Control Among Peasants 

Category Owned area Distributation 

Landless/Share cropper < 0.02 ha cultivable land 14.40% 

Marginal Farmers 0.02-0.60 ha cultivable land 25.85% 

Small Farmers 0.60-1.00 ha cultivable land 31.61% 

Medium Farmers 1.00-3.00 ha cultivable land 21% 

Large Farmers >3.00 ha cultivable land 7.15%   

Source: BWDB, 1997 and Banglapedia (Internet Version) 

Occupation distribution of Kalia Upazila
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19.39%
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1.57%
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Figure 5.18: Land control among peasants 

 

The majority of  the farmers fall within or below the category of small farmers with 

very l imited pur chasing pow er. Annual pe r c apita i ncome of  m arginal farmers i s 

Tk.4615 and for small f armers i s Tk. 5160 ( BWDB, 1997) . So i t can be  estimated 

that the per capita income for landless farmers is Tk.1154/year or less which is not an 

amount that can give a minimum support to a man for his living. 

 

5.3.3 Analysis Based on Affected People’s Information 

 

(a) Effect on Cropping Pattern:  

Most of  the vi llagers are farmers. Having no l and of  their own, they work in other 

people’s l and. The f armers can harvest only the Boro t imely. But due  to breach o f 

embankment, in post monsoon, the Aman crop goes under water before harvesting. 

Due t o b ank erosion, t he f lood control embankment i s da maged. A t t hat t ime, t he 

beel area adjacent to the study reach undergoes flooding with depth of water ranging 

from 2 t o 3 meters due  to rain and enhance of  f lood.  These areas remain stagnant 

with water. At that time some farmers grow long stemmed transplanted deep water B 

Aman rice.  Local paddy variety does not yield high. Very few plant nuts on the other 

side of the r iver w here s andy-chars a re rising It ha s be en f ound that w ell pl anned 

cropping patterns are not followed by the farmers in most cases. The inner side of the 

bend, w here s and-bars a re r ising i s not  yet suitable f or cultivation of  pa ddy. 
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Moreover that l and i s under the control of  the people who l ived in that side of  the 

river. 

 

(b) Shift from Old Occupation:  

The farmers remain busy in farming in other people’s land in the month of October to 

January. In the other t ime of the year they earn their l ivelihoods by loading trollers 

with sand, collecting a nd selling w ater l ily, serving as  d ay l aborer. The l andless 

farmers can not shift to fishing in the river as it requires boat and net as the capital 

which i s not  a ffordable t o t hem. T here i s a  l arge po rtion of l and in be tween t he 

former and present retired embankment which i s unde r w ater. Last year t he 

Government r eleased a few f ish in this area. Some of t he l andless f armers catch 

fishes in this area with a boat made of buckle of tree and a basket. The women can 

not keep chickens or ducks as they don’t have land of their own. From the month of 

June to October people suffers from lack of  work. At that t ime many of them pass 

their days in hunger. 

 

(c) Housing Condition:  

People living within the vulnerable range of erosion, shift their houses in the months 

of July to October In case of both the villages, maximum people who had land by the 

bank of the eroded portion, had to shift their houses five to seven times. The landless 

people, who could not afford going to other villages or anywhere else, are living on 

the embankment. Most of the houses consist of one room and are made of hay and 

bamboo shoot. Most of their houses are made of hay and bamboo shoot. The houses 

are poor in sanitation.  

 

(d) Deteriorating Social Condition:  

In Chanderchar Union, of the 4 m ouza chhit, 3 have completely gone into the river 

and a small portion of  another Mouza is rested.  The bank erosion at Noagram has 

divided the village in two portions. People are living at the upstream and downstream 

side of  t he e roded r each. A ccording t o t he i nformation of  t he U nion P arishad 
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chairman as well as the common people of Noagram, about 3000 people lived in the 

village, a nd 25 % of  t hem, be ing l andless, l eft t he vi llage. T hose w ho can afford 

going to the c ity or even abroad, has a lready l eft the vi llage. Most of the poor  old 

men a nd w omen ha ve s ent t heir s ons a nd da ughter i n t he c ity or  i n ot her vi llages. 

They are s taying he re a s t hey h ave no pl ace t o go. Bank erosion ha s br oken t heir 

social bondage. A large proportion of the victims remain unemployed due to lack of 

work oppor tunities. In t he wake of  d estitute condition, many families a re shattered 

where women may be come t he head of t he family. Such families a re no rmally t he 

most de prived group. The w idows and di vorced w omen a re p assing t heir da ys i n 

great misery with the support of other landless families. 

The primary school, the high schools and the mosques had shift 2 to three times. The 

primary school of Noagram has last been newly constructed in the year 2005-2006. 

In search of livelihood opportunities most of the students of after primary school do 

not go to secondary school. In the months of July to September the school attendance 

is de creased for cont inued rainfall and di sturbance due  t o ba nk e rosion a nd 

corresponding shift of  hous es. From O ctober to J anuary many chi ldren remain 

engaged in agricultural work with their family and do not go to school.       

 

(e) Impact on Transportation: 

 To reach Narail Sadar people need to walk to nearby bazaar which is about 8 t o 10 

km a way f rom t he s tudy reach. T hen t hey have t o g et l ocal t ransport t o r each t he 

nearest bus stand for Narail sadar. During the rainy season it becomes very difficult 

for t he p eople of  t he s tudy area t o reach t he n earest b azaar b y walking. As K alia 

Upazilla i s on t he ot her s ide of  t he Nabaganga, they a re de pendent on  the w ater 

transport. The ferryghat near the Noagram bend gets inactive for siltation during the 

dry season. People also use small boats to cross the river.  

 

(f) Impact on Embankment and the Water Control Structure 

The portions of embankment at Noagram and Chander Char have been retired five to 

seven t imes. In t he year 2007, t he N oagram be nd w as s everely eroded a nd t he 

embankment a t t his poi nt w as r etired. In t he year 2008, t he e rosion w as s evere i n 
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Chander Char than at Noagram. During the f ield visit in the month of  October, the 

embankment at this location was found breached. People at these locations are losing 

their lands both by bank erosion as well as by retiring of the embankment.  

 

The Noagram drainage regulator which is under the threat of erosion is still serving 

the dr ainage pur pose. The f armers find i t ve ry useful f or t heir cultivation. But 

according to BWDB authority, protection of the regulator is costing much. It will be 

wise t o s hift or  c onstruct a nother r egulator s omewhat i nner-side of  t he village f ar 

from the river bank. 
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CHAPTER SIX 

RESULTS AND DISCUSSION 

 
 
6.1 Bank Erosion Rate 
 
 From the a nalysis of  m odel r esults, it ha s be en f ound t hat t he m aximum velocity 

(0.78 m/sec) in the right bank of Chander Char bend (about 10,461m length) occurs 

at about 6,865 m downstream f rom the s tarting point (Latitude 23º3 ´25.01´´ N and 

Longitude 89º39´13.07´´E) of  the bend. Again the maximum velocity (0.761m/sec) 

in N oagram b end ( about 5 ,617m l ength) o ccurs a t a bout 3,510.38 m d ownstream 

from the  s tarting poi nt (Latitude 23º2 ´31.48´´ N a nd Longitude 89º37 ´15.59´´E) of  

the bend. From the model result the average erosion rate at  Chander Char has been 

found 33.571m/year a nd for N oagram it is  42.615 m/year. According t o the 

information of  l ocal pe ople, t he e rosion r ate i s 30-40 m/year. The t abular 

representation of the result is shown in the Table 6.1. 

 

Table 6.1: Rate of Erosion Calculated from the Model Analysis 

Study  

Reach 

Reach 

Length 

(m) 

Position of Max. 

Velocity and Shear 

Stress from the 

starting point of the 

bend (R/B) (m) 

Max 

Velocity 

(m/sec) 

Avg. 

Erosion 

Rate along 

the reach 

(m/yr) 

Avg. 

Erosion 

Rate: local 

people’s 

consent 

(m/yr) 

Chander 

Char 
10,461 6,865  0.78 33.57 

30-40 
Noagram 5,617 3,510 0.76 42.61 

 

The right bank position of the of the study reaches, after one year erosion, has been 

shown in Figure 6.1(a) and 6.2(a). Though the model represented bends may differ 

from t he a ctual s cenario i n a mplitude a nd ot her dimensions, i t i s a ssumed t hat t he 

right b ank or  out er ba nk i n t he model w ill r epresent the  s ame b ankline in actual 

scenario. So the erosion rate and the pos ition of  t he n ew b ank calculated f rom the 

model will be considered from the old one in the actual scenario.    
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Figure 6.1 (a): Model interpreted position of outer bank after one year erosion at 
Chander Char 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.1 (b): The Chander Char bend at actual scenario 
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Figure 6.2(a): Model interpreted position of outer bank after one year erosion at 
Noagram 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6.2(b): The Noagram Bend at actual scenario 
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6.2 Impact of Erosion on Livelihood of the Local People 

 

6.2.1 Direct Economic Loss 

• The i mpact of  l and l oss i nvolves pr imarily t he l oss of  hom estead l and, 

housing structures, crops, trees and households. People lost there land 

1. directly by bank erosion 

2. acquisition of land for retired embankment as a consequence of bank 

erosion 

In Kalia Upazilla, the market value of  land of the first grade is Tk.5000 per 

0.01hectare ( Banglapedia). So for t he average value of  e rosion r ate found 

from the local people’s information and model i nterpretation (31.5 m/year), 

the economic loss for eroded bank is about Tk.1,577.00 per meter of eroded 

portion along the river bank each year. As the major occupation of the people 

is cultivation, loss of land in such a rate leads them to extreme poverty. From 

the year 2005  t o 2007 a m osque a nd a  primary school w ent i nto t he r iver. 

Thus loss of infrastructures also causes direct economic loss.  

• Farmers can harvest only the Boro timely. But due to breach of embankment, 

in post monsoon, the Aman crop goes under water before harvesting. Loss of 

crop causes great loss to the economy.   

 

6.2.2 Access to Natural Capital 

• Due t o c ontinued l oss of l and, t he s mall f armer be comes m arginal a nd 

marginal f armer tur n to la ndless. Annual pe r capita i ncome of  m arginal 

farmers is Tk.4615 and for small farmers is Tk. 5160 (BWDB, 1997). So i t 

can be es timated that t he pe r capita i ncome f or l andless f armers i s 

Tk.1154/year or less which is not an amount that can give a minimum support 

to a ma n for hi s livi ng. Thus i ncrease of  pove rty i s engulfing t he s ocio-

economy of the area. Some of the landless women said that they can not keep 

poultries as they have no land of their own. This means that they do not have 

access to land to maintain their livelihood.  Having no l and of their own, the 

farmers work in other people’s land. They can harvest only the Boro timely. 

But due  t o br each of  e mbankment, i n pos t m onsoon, t he A man c rop goes 
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under water before harvesting. 

• As there is  no significant initiative by the government for practicing culture 

fisheries the landless people have poor access to beel areas for their earning. 

The landless farmers can not shift to fishing in the river as it requires boat and 

net as the capital which is not affordable to them. 

 

6.2.3 Access to Human Capital 

• Average literacy rate of the area (31.9%) gives an idea about the poor access 

of the people to education. Comparison of literacy rate of Male (38.4%) and 

female (25.3%) s hows t he worse c ondition of  t he f emale i n access t o 

education.  

• From the month of June to October people suffers from lack of work. At that 

time many of them pass their days in hunger and they hardly have one meal a 

day. This means they have poor access to food.   

• They have poor access to clothing also.  

• For a doctor, they have to go to the upazilla. As the transport costs much, they 

don’t go there until it is serious. 

 

6.2.4 Access to Social Capital 

• They have poor  a bility to bor row m oney f rom the households with better 

financial condition for consumption and dowry. Because of poor income they 

cannot r eturn t he bor rowed m oney t imely t o t he l ender. B ut t he poor est 

women have access to the poorer households as or the households with better 

financial condition to help in the household works. In return they get a meal 

for the day. 

• In search of better livelihood opportunities, men move to different places and 

most them have the tendency for several marriage.  The widows and divorced 

women a re p assing t heir da ys i n g reat m isery with t he s upport of  ot her 

landless families. 

• Theft and robbery has not spread out in the area so far. 

• Less Mobility of women to go to the market 
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• No effective initiatives for  participation of the poor in community meetings 

• Now a days sharecropping is being practiced in the area 

   

6.2.5 Access to Political Capital 

• In Noagram, the UP chairman’s residence is very close to the river bank. So 

the pe ople i n t his a rea are m ore or  l ess i n pol itical t ouch. B ut t he U nion 

Parishad of Chander Char vi llage is  s ituated a t Mauli which is f ar f rom the 

erosion attacked area. So the landless people living on the embankment have 

less chance to access in political and administrative activities. 

• There is less practice of the wealthier households to secure long term leases to 

common property like water bodies and marsh land. 

 

6.2.6 Access to Physical Capital 

• Most of the houses of the affected people living on the embankment live one 

roomed house made of straw, bamboo.  

• To reach Narail Sadar people need to walk to nearby bazaar which is about 8 

to 10 km away from the study reach. Then they have to get local transport to 

reach t he ne arest bus  s tand for N arail s adar. During t he r ainy s eason it 

becomes ve ry di fficult f or t he pe ople of  t he s tudy ar ea t o reach the ne arest 

bazaar by walking. As Kalia Upazilla is on the other side of the Nabaganga, 

they a re de pendent on t he w ater t ransport. T he ferryghat ne ar t he N oagram 

bend gets inactive for s iltation dur ing the dr y season. People a lso use small 

boats to cross the river.  

 

6.2.7 Access to Economic Capital 

• Their access to economic capi tal i s very poor. Some women take loan f rom 

some money lender group in time of their emergency. But due to high rate of 

interest, when they cannot return the money, they have to sell whatever they 

have to the money lender. They even have been insulted for that.  They do not 

know about the loan from NGO’s. 
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6.3 Discussion on Results 

From T able 6.1  a nd c omparison of  Fig. 6.1(a) and 6.2( a) it is  f ound that the  right 

bank erosion rate of Chander Char is lower than that of Noagram. From figure 6.1(a) 

and 6.1( b) it can be i nterpreted t hat t he be nd a t C hander C har i s g oing t o r each a 

stable c ondition within a f ew years a nd so it is  loos ing its  r ate of  e rosion. O n t he 

other hand, Fig. 6.2(a) and 6.2(b) shows that the erosion and deposition in Noagram 

bend is s till mobi le a nd it w ill t ake s ome m ore years t han C hander C har be nd t o 

reach a  stable condition. F ig. 6.2(a) a nd 6.2 (b) also shows the  s imilarity in  

development of  e rosion and de position z ones w hich pr oves t he m odel’s a bility t o 

represent the bend c lose to the actual scenario. As the geo-referenced image of the 

actual bend was not  available, the shift of  bank at the actual scenario could not  be  

shown in this study.  

The results of  erosion rate are close to the range 30-40 m/year that has been found 

from s ocio-economic da ta collected f rom the  loc al people. Also from t he c ross-

sectional analysis of 2002 a nd 2005 da ta the average rate of erosion has been found 

27.72 m /year. The feasibility r eport of  t he chenchuri be el s ub-project under t he 

South-West A rea W ater R esources D evelopment P roject s hows tha t the  r iver is  

eroding at the rate of 25-30 m/year at these locations. 

 

Table 6.2: Comparison of Erosion Rate (m/year) Found from Different Analysis  

Local people’s 

opinion 

Model result 

for Noagram 

Model result 

for Chander 

Char 

Result from 

cross-sectional 

analysis 

Erosion rate 

from secondary 

source 

30-40 m/year 43 m/year 34 m/year 28 m/year 25-30 m/year 
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Figure 6.3: Comparison of rate of erosion from different sources 

 

The deviation of result may be for following reasons: 

 

• Study r each of N abaganga ex periences t idal i nfluences and this i nfluence 

extends up t o the G orai River. But for a nalysis of  t his c ase s tudy, onl y the 

free on e di rectional f low ha s be en c onsidered. In actual s cenario, the 

sediments car ried in the reach by back water f low, cause sedimentation and 

lower the e rosion r ate. Also the s aline w ater ent ering t he r each ca uses 

flocculation of  t he s ediments a nd i ncreases sedimentation. The rating c urve 

for t idal f low could not  be derived and so the peak discharge in September, 

2005 and its cor responding w ater l evel f rom t he t ime s eries d ata h as b een 

used. 

 

• No discharge station is a vailable w ithin t he s tudy r each, s o t he m odel 

simulated discharge data of IWM have been used for the analysis. 

 

• The hydrological data collected for the model development, was for the year 

2005 but the image collected from internet is of the year 2008. So the model 

result may show some anomaly with the real situation. 
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• Smaller the  g rid size of  the  flow model f or t he r iver, would give finer be 

result.  

 

• The analysis has been done mainly depending upon the hydrological data of 

2005 only. Study on more data could give better result.  

 

• The e rosion e stimation i s ba sed on t he i ndividual be nds. T he e ffect of  one 

bend on another at downstream has not been considered here.  

 

• The socio-economic survey a nd a nalysis to determine the  impa ct on 

livelihood of the local people especially focused on the landless (partially or 

fully) farmer groups who are directly impacted by loss of land and now being 

landless ar e shifting to other inc ome ge nerating activities. So t he result is  

based on t he major livelihood group. Other small livelihood groups have not 

been taken into consideration.  

 

• Local pe ople of ten get e motional or  bi ased. T hen i t be comes ha rd t o 

understand the actual situation. 
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CHAPTER SEVEN 

CONCLUSION AND RECOMMENDATION 

 
 
7.1 Conclusion 
 
Bank erosion of Nabaganga river at Chander Char and Noagram is causing enormous 

socio-economic impacts on the people living along the river bank. From the satellite 

images and from field survey it has been found that at the erosion prone area of the 

study reach (Fig. 6.1(b) and 6.2(b)), almost all the high lands along the river bank has 

already been eroded that were formerly available for homesteads.  

 

The whole Chander Char village has been engulfed by bank erosion according to the 

information of the local people. The bend is going to reach a high amplitude and its 

rate of  erosion has decreased as compared with that of  Noagram bend. Adjacent to 

the erosive portion (Fig. 6.1 (a) and 6.1(b)), there is low lying beel area which is now 

under the threat of erosion. Also the embankment at this point is under the threat of 

erosion and is being retired again and again. At Noagram, the bend has divided the 

village into two parts: one at the upstream of the apex and another at the downstream. 

Just adjacent to the erosive portion (Fig. 6.2 ( a) and 6.2 (b)), there is low lying beel 

area which i s now und er t he t hreat o f e rosion. The homesteads downstream of  t he 

most e rosive por tion a re a lso unde r t he t hreat o f erosion a s t he b end i s showing a  

trend to move downstream (Fig. 6.2 (a)). 

 

Great economic loss has already been done by the bank erosion of Nabaganga in the 

study area and yet it is continuing. The erosion prediction model shows that the river 

will c ontinue e roding i ts ba nk a t t hese poi nts. T he e rosion i s m ore a ggressive a t 

Noagram than in Chander Char as the bend at Noagram is  yet in developing s tage. 

The beels and agricultural lands are under threat of erosion for next few years. 

 

The major impact of the erosion in the study area is exerted upon those people whose 

main source of livelihood is land. The small, marginal and landless farmers, having 

small qua ntity of  l and, are mainly victimized as t heir onl y s ource o f l ivelihood is 

destructed b y the bank e rosion. People having their homesteads b y the bank of  the 
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river are also one of the major vulnerable groups. The local people, who are losing 

their lands, are being deprived of their livelihood security and thus getting poor day 

by da y.  They a re l osing a ccess in all s orts of  c apitals the y need to maintain their 

livelihood.   

 

7.2 Recommendation  

• Use of geo-coded images for the erosion model study will help to identify the 

area that is vulnerable to erosion for next few years.  

• Instead of individual bend analysis, combination of subsequent bends in one 

model will give more practical oriented results. 

• Use of  h ydrological da ta of  s everal years for t he ana lysis will g ive mor e 

accurate result. 

• Similar exercise for the estimation of flow and erosion can be adopted for the 

bends along the Nabaganga and Madhumati rivers. As the increased discharge 

of Nabaganga after the Halifax cut is responsible for the erosion of the study 

reach, t here i s a  s cope f or further s tudy on t he f easibility t o control t he 

Madhumati’s f low b efore t he Halifax c ut du ring t he e rosion pe riod of  t he 

year. In t his r espect t he f low a nd e rosion m odel c an he lp t o f ind out  the 

change in erosion rate with change in upstream flow.  

• More detailed field survey is required to find out the long term effect of bank 

erosion on l ivelihood of  t he l ocal p eople i n t he s tudy area. T his s hould 

include t he people who have al ready s hifted to nearby vi llages as w ell as  

those who are less vulnerable to erosion within two or three years. 

• Further study i ncluding all live lihood gr oups ( including m inor groups) will 

help to understand the effect of bank erosion on the livelihood precisely upon 

those who are directly related to land as well as whose livelihood is indirectly 

influenced by land. 

• Detail study on cropping practices and scope for alternate cropping will help 

developing better opportunities for livelihood in the locality.  

• From the results of the velocity di stribution model it has been found that at  

some points the velocity is such that these zones experiences siltation by the 
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eroded material of  ups tream eroded zones and form chars and sand bars far 

from t he e roded zone. I n Chander C har a nd Noagram t his l ands a re un der 

control of  t he h abitats leaving closer t o t he n ew l and. Despite a  cur rent 

legislation to the e ffect th at ne w a ccretion l and i s f or r edistribution and 

resettlement of  t he di splaced popul ation, ve ry f ew pe ople ha ve actually 

gained their due share of land in the newly emerged land. So there should be 

effective application and monitoring of the government rules and legislations 

so that the displaced people can get their right. 

• The water c ontrol s tructures s hould be  renovated and relocated where 

necessary. The borrow pits inside the FC embankment in Kalia thana may be 

developed and declared as fish sanctuary. Local people may be motivated by 

the f isheries D epartment and made r esponsible f or l ooking a fter s anctuaries 

so that they will be the beneficiaries of the sanctuaries. Low cost rural credits 

to a ssist w ith t he c osts of pond c onstruction/rehabilitation a nd pu rchase of  

accessories may be made to the poor people. 

• Local pe ople s hould be  i nvolved i n a ll s tages of de velopment w ork l ike 

construction of  e mbankment a nd ba nk pr otection w ork. T his w ill he lp bot h 

increasing their employment opportunity as well as better O&M of the work. 

• The Noagram ferry ghat needs to be re-excavated or relocated. 

 

The e rosion pr ediction m odel w ill be  a pplied t o t hose livelihood g roups of t he 

locality who are directly or indirectly influenced by land resources and who are in 

the range of the vulnerable area of bank erosion.  
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APPENDIX A 

Flow Model Development for the Study 

 

A.1  Construction of Model  

 

Following the works of  Leopold and Langbein (1966), i t appears to have generally 

accepted that t he s ine-generated curve be st appr oximates t he channel cent erline ( in 

plan vi ew) of  natural r egular meandering s treams. So for t he b ends of  N abaganga, 

this c urve ( periodic a long t he general f low direction x ) i s de termined b y t he 

following equation 

 

          (A-1) 

where, s is the longitudinal coordinate along the channel centerline, L is the meander 

length, •  is the deflection angle at  an y s and •

Error! Bookmark not defined. 

0 is the deflection angle at  the cross 

cross-overs. 

Error! Bookmark not defined.

In practice meander bends are not circular and the flow is consequently not uniform. 

So to consider a  f low in a  noncircular bend, or thogonal but  curvilinear coordinates 

has been used. In this case, the s-coordinate i s the distance along the cent re l ine of  

the channel, defined as the curve where the depth equals the average depth, while the 

coordinate, n, is perpendicular to the channel determined by the curvature relation 
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in which r is the local radius of curvature, R is the minimum radius of curvature and 

L is t he m eander l ength m easured along t he ce ntre l ine. The s -n c oordinates w ere 

transferred to x-y coordinates with the help of angles •  (00 to • 0







=

L

sπθθ 2cos0

). Here, the length of 

the bend L has been divided in segments equal to L/64 and so the value s varies from 

0, L/64, 2L/64,.......L. The channel cross-section has been divided in 10 s egments, 5 

of w hich i s t owards t he i nner ba nk ( n=B/10,2B/10…….5B/10) f rom t he c hannel 



centre l ine ( n=0) a nd 5  a re t oward t he out er bank ( n=-B/10,-2B/10…….-5B/10) 

where B is the average width of the river rich. The smaller the segments of s and n 

the finer the results can be derived.    

 

The local depth y, that is the actual y at the (s,n) coordinates has been calculated by 

the equation 

 

Y(s,n) = D(1+• (s,n)

 

)     (A-3) 

where D i s t he m ean de pth a t n= 0 l ine a nd •  is the  small qua ntity o f i ncremental 

depth at (s,n) point and 
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The point velocity U (mean velocity along a vertical) in the longitudinal direction has 

been calculated using the equation  

 

U(s,n)= V(1+u(s,n)

 

)     (A-5) 

where V is the mean velocity at  n=0 line and u is the small quantity of  incremental 

depth at (s,n) point and 
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in which a and b are the constants 
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The angle • , (fig.2.3) by which shear stress vector along the bottom deviates from the 

tangential direction can be expressed as 

 

tan •  =
r

y

U

V 7
=       (A-9)  

 

So the point velocity V (mean velocity along a vertical) in the longitudinal direction 

has been calculated using the equation  
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Figure A.1: Resultant ve locity ve ctor R varies at an angle •  from the  ta ngential 

direction. 
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For constant values of friction factor f the tractive stress is proportional to the square 

of velocity, so that 

u21+=
τ
τ

, where τ = the mean value over a cross-section 

 

so, )21( ),(),( nsns u+= ττ      (A-11) 

 

The maximum tractive force in the bottom of the  trapezoidal channel is very close to 

the value wyS, and on the sides close to 0.76wyS (Chow, 1973). So the mean value, τ  

in a cross-section can be considered as average of the two i.e 0.88wyS.  

 

If τ  have the value greater than 0τ , erosion will occur. 

 

A.2 Model Generated Data 

 

Only t he m odel generated da ta a t out er be nd ha ve be en s hown he re. Detail r esults 

along with necessary data are available in the CD.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Table A-1: Model Generated Results at  Outer Bank (Right Bank) for Chander Char Bend 

(• 0 = 85º, L =10,461m, B = 414m, Q = 2248.39 cumec, V = 0.76 m/s, D = R = 7.34 m C = 

74.93 m1/2/s, d50

s 

 = 0.03mm) 

x at n=- y at n= 
Depth 
at n= 

Vx 
comp 

Vy 
comp R at n= • at n= Er 

new y 
coordinate 

  -207 -207 -207 -207 -207 -207 -207 m/year   

                    

0.00 0.000 1789.177 7.340 0.761 0.002 0.761 0.284 0.224 1788.952 

163.45 131.729 1767.678 7.276 0.750 -0.108 0.758 0.282 -9.062 1776.739 

326.90 259.296 1727.454 7.214 0.723 -0.214 0.754 0.279 -18.145 1745.599 

490.35 380.485 1669.512 7.155 0.683 -0.312 0.751 0.277 -26.802 1696.314 

653.79 493.400 1595.196 7.101 0.631 -0.401 0.748 0.275 -34.836 1630.032 

817.24 596.542 1506.100 7.052 0.571 -0.479 0.745 0.272 -42.070 1548.170 

980.69 688.854 1403.956 7.012 0.505 -0.544 0.743 0.271 -48.349 1452.306 

1144.14 769.739 1290.539 6.980 0.437 -0.598 0.741 0.269 -53.524 1344.063 

1307.59 839.055 1167.562 6.958 0.369 -0.640 0.739 0.268 -57.433 1224.995 

1471.04 897.087 1036.597 6.949 0.305 -0.672 0.738 0.267 -59.867 1096.465 

1634.48 944.509 899.020 6.954 0.245 -0.696 0.738 0.267 -60.509 959.530 

1797.93 982.338 755.967 6.978 0.192 -0.713 0.738 0.267 -58.848 814.815 

1961.38 1011.888 608.322 7.024 0.148 -0.726 0.740 0.269 -54.065 662.387 

2124.83 1034.724 456.733 7.098 0.112 -0.735 0.744 0.272 -45.018 501.751 

2288.28 1052.631 301.636 7.197 0.087 -0.744 0.750 0.276 -30.852 332.488 

2451.73 1067.575 143.313 7.296 0.071 -0.753 0.756 0.281 -13.351 156.664 

2615.18 1081.686 -18.041 7.340 0.066 -0.758 0.761 0.284 0.000 -18.041 

2778.62 1097.229 -182.340 7.296 0.072 -0.758 0.761 0.284 0.936 -183.277 

2942.07 1116.573 -349.458 7.197 0.087 -0.753 0.758 0.282 -8.745 -340.713 

3105.52 1142.158 -519.070 7.099 0.113 -0.745 0.753 0.278 -21.160 -497.910 

3268.97 1176.436 -690.650 7.026 0.148 -0.734 0.749 0.275 -31.528 -659.122 

3432.42 1221.794 -863.374 6.981 0.193 -0.721 0.746 0.273 -38.727 -824.647 

3595.87 1280.459 -1036.024 6.958 0.246 -0.703 0.745 0.272 -43.034 -992.990 

3759.31 1354.372 -1206.926 6.953 0.305 -0.679 0.744 0.272 -44.964 -1161.962 

3922.76 1445.054 -1373.910 6.963 0.370 -0.646 0.744 0.272 -44.940 -1328.970 

4086.21 1553.454 -1534.330 6.985 0.438 -0.603 0.745 0.272 -43.267 -1491.062 

4249.66 1679.823 -1685.121 7.016 0.506 -0.548 0.746 0.273 -40.159 -1644.962 

4413.11 1823.598 -1822.923 7.057 0.571 -0.482 0.748 0.274 -35.779 -1787.144 

4576.56 1983.346 -1944.251 7.104 0.631 -0.404 0.750 0.276 -30.267 -1913.984 

4740.00 2156.764 -2045.712 7.158 0.683 -0.315 0.752 0.278 -23.761 -2021.952 

4903.45 2340.751 -2124.236 7.216 0.723 -0.217 0.755 0.280 -16.403 -2107.833 

5066.90 2531.558 -2177.308 7.277 0.750 -0.111 0.758 0.282 -8.351 -2168.958 

5230.35 2723.275 -2203.177 7.340 0.761 -0.002 0.761 0.284 0.220 -2203.397 

5393.80 2914.993 -2177.308 7.403 0.756 0.109 0.764 0.287 9.120 -2186.428 

5557.25 3100.727 -2124.236 7.464 0.736 0.217 0.767 0.289 18.141 -2142.377 

5720.70 3276.588 -2045.712 7.522 0.701 0.320 0.771 0.291 27.068 -2072.781 

5884.14 3439.289 -1944.251 7.576 0.653 0.415 0.773 0.294 35.677 -1979.928 

6047.59 3586.312 -1822.923 7.623 0.595 0.498 0.776 0.296 43.739 -1866.662 

6211.04 3716.009 -1685.121 7.664 0.530 0.571 0.779 0.297 51.021 -1736.141 

6374.49 3827.622 -1534.330 7.695 0.461 0.630 0.781 0.299 57.275 -1591.605 

6537.94 3921.240 -1373.910 7.717 0.391 0.678 0.782 0.300 62.224 -1436.134 



6701.39 3997.701 -1206.926 7.727 0.323 0.713 0.783 0.301 65.518 -1272.443 

6864.83 4058.458 -1036.024 7.722 0.260 0.739 0.784 0.301 66.672 -1102.696 

7028.28 4105.438 -863.374 7.699 0.204 0.756 0.783 0.301 64.968 -928.342 

7191.73 4140.895 -690.650 7.654 0.156 0.766 0.781 0.299 59.368 -750.018 

7355.18 4167.280 -519.070 7.581 0.118 0.769 0.778 0.297 48.634 -567.704 

7518.63 4187.135 -349.458 7.483 0.090 0.767 0.772 0.293 32.313 -381.771 

7682.08 4203.007 -182.340 7.384 0.072 0.762 0.766 0.288 13.370 -195.710 

7845.53 4217.386 -18.041 7.340 0.066 0.758 0.761 0.284 0.000 -18.041 

8008.97 4232.660 143.313 7.384 0.072 0.757 0.761 0.284 -0.634 143.947 

8172.42 4251.077 301.636 7.483 0.088 0.759 0.764 0.287 9.248 292.388 

8335.87 4274.713 456.733 7.582 0.115 0.760 0.769 0.290 22.436 434.297 

8499.32 4305.442 608.322 7.656 0.153 0.758 0.773 0.293 34.139 574.183 

8662.77 4344.894 755.967 7.702 0.200 0.749 0.776 0.295 42.781 713.186 

8826.22 4394.408 899.020 7.726 0.256 0.734 0.778 0.297 48.291 850.729 

8989.66 4454.986 1036.597 7.731 0.319 0.710 0.779 0.297 51.018 985.579 

9153.11 4527.239 1167.562 7.722 0.387 0.676 0.779 0.297 51.339 1116.223 

9316.56 4611.337 1290.539 7.700 0.457 0.630 0.778 0.297 49.574 1240.966 

9480.01 4706.977 1403.956 7.668 0.527 0.571 0.777 0.296 45.993 1357.963 

9643.46 4813.367 1506.100 7.628 0.592 0.500 0.775 0.295 40.843 1465.257 

9806.91 4929.235 1595.196 7.579 0.651 0.417 0.773 0.293 34.364 1560.832 

9970.35 5052.867 1669.512 7.525 0.699 0.323 0.770 0.291 26.803 1642.709 

10133.80 5182.181 1727.454 7.466 0.735 0.221 0.768 0.289 18.417 1709.037 

10297.25 5314.821 1767.678 7.404 0.756 0.112 0.764 0.287 9.469 1758.208 

10460.70 5448.276 1789.177 7.340 0.761 0.002 0.761 0.284 0.224 1788.952 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Table A-2: Model Generated Results at Outer Bank (Right Bank) for Noagram Bend 

(• 0 = 65º, L = 5,617m, B = 300m, Q = 2248.39 cumec, V = 0.74 m/s, D = R = 8.54 m C = 

65.27 m1/2/s, d50

s 

 = 0.03mm) 

x at n=- y at n= 
Depth 
at n= 

Vx 
comp 

Vy 
comp R at n= • at n= Er 

new y 
coordinate 

  -150 -150 -150 -150 -150 -150 -150 m/year   
                    

0.000 0.000 765.318 8.540 0.739 0.004 0.739 0.331 1.602 763.715 
87.760 70.572 756.506 8.439 0.731 -0.077 0.735 0.327 -15.211 771.717 

175.519 139.908 739.973 8.343 0.714 -0.156 0.730 0.323 -31.518 771.491 
263.279 207.370 715.994 8.256 0.688 -0.231 0.726 0.319 -46.623 762.616 
351.038 272.404 684.934 8.180 0.657 -0.300 0.722 0.316 -59.903 744.837 
438.798 334.557 647.235 8.122 0.621 -0.363 0.719 0.313 -70.815 718.050 
526.557 393.498 603.389 8.082 0.581 -0.420 0.717 0.311 -78.891 682.281 
614.317 449.025 553.921 8.065 0.540 -0.469 0.715 0.310 -83.734 637.656 
702.076 501.071 499.363 8.072 0.499 -0.512 0.715 0.309 -85.023 584.386 
789.836 549.706 440.240 8.102 0.460 -0.549 0.716 0.310 -82.532 522.772 
877.595 595.130 377.053 8.156 0.423 -0.580 0.718 0.312 -76.189 453.242 
965.355 637.670 310.272 8.227 0.391 -0.606 0.721 0.314 -66.171 376.444 

1053.114 677.770 240.330 8.311 0.363 -0.627 0.724 0.318 -53.051 293.381 
1140.874 715.982 167.625 8.396 0.341 -0.644 0.729 0.321 -37.948 205.573 
1228.633 752.952 92.530 8.471 0.325 -0.657 0.733 0.325 -22.603 115.133 
1316.393 789.409 15.403 8.522 0.315 -0.666 0.737 0.328 -9.223 24.626 
1404.153 826.149 -63.393 8.540 0.312 -0.670 0.739 0.331 0.000 -63.393 
1491.912 864.021 -143.672 8.522 0.316 -0.669 0.740 0.332 3.570 -147.241 
1579.672 903.900 -225.211 8.471 0.326 -0.663 0.739 0.331 1.226 -226.437 
1667.431 946.672 -307.536 8.397 0.343 -0.653 0.737 0.329 -6.011 -301.525 
1755.191 993.199 -390.093 8.314 0.365 -0.637 0.735 0.327 -16.292 -373.801 
1842.950 1044.288 -472.235 8.232 0.393 -0.617 0.732 0.324 -27.583 -444.651 
1930.710 1100.655 -553.196 8.162 0.426 -0.591 0.729 0.321 -38.148 -515.048 
2018.469 1162.880 -632.089 8.111 0.462 -0.560 0.726 0.319 -46.751 -585.338 
2106.229 1231.372 -707.904 8.082 0.502 -0.523 0.725 0.318 -52.651 -655.253 
2193.988 1306.326 -779.523 8.076 0.542 -0.479 0.724 0.317 -55.491 -724.031 
2281.748 1387.693 -845.749 8.094 0.583 -0.429 0.724 0.317 -55.183 -790.566 
2369.507 1475.156 -905.349 8.133 0.622 -0.372 0.725 0.318 -51.809 -853.540 
2457.267 1568.128 -957.103 8.190 0.658 -0.309 0.727 0.320 -45.566 -911.538 
2545.026 1665.757 -999.873 8.264 0.689 -0.240 0.729 0.322 -36.732 -963.141 
2632.786 1766.957 -1032.655 8.349 0.713 -0.165 0.732 0.324 -25.651 -1007.004 
2720.545 1870.457 -1054.653 8.442 0.731 -0.086 0.736 0.328 -12.731 -1041.922 
2808.305 1974.320 -1065.318 8.540 0.739 -0.004 0.739 0.331 1.556 -1066.874 
2896.065 2078.183 -1054.653 8.638 0.739 0.078 0.743 0.335 16.673 -1071.325 
2983.824 2180.085 -1032.655 8.731 0.730 0.160 0.747 0.338 32.010 -1064.665 
3071.584 2278.710 -999.873 8.816 0.712 0.239 0.751 0.341 46.897 -1046.769 
3159.343 2372.913 -957.103 8.890 0.686 0.313 0.754 0.344 60.606 -1017.710 
3247.103 2461.773 -905.349 8.947 0.654 0.382 0.757 0.347 72.375 -977.723 
3334.862 2544.628 -845.749 8.986 0.616 0.444 0.759 0.349 81.433 -927.182 
3422.622 2621.092 -779.523 9.004 0.574 0.499 0.761 0.350 87.051 -866.574 
3510.381 2691.055 -707.904 8.998 0.531 0.545 0.761 0.350 88.612 -796.516 



3598.141 2754.664 -632.089 8.969 0.489 0.583 0.760 0.350 85.708 -717.797 
3685.900 2812.295 -553.196 8.918 0.448 0.613 0.759 0.348 78.267 -631.463 
3773.660 2864.514 -472.235 8.848 0.410 0.635 0.756 0.346 66.702 -538.937 
3861.419 2912.034 -390.093 8.766 0.377 0.651 0.752 0.343 52.029 -442.122 
3949.179 2955.679 -307.536 8.683 0.350 0.661 0.748 0.339 35.890 -343.426 
4036.938 2996.336 -225.211 8.609 0.330 0.667 0.744 0.335 20.408 -245.619 
4124.698 3034.925 -143.672 8.558 0.317 0.670 0.741 0.333 7.823 -151.495 
4212.457 3072.362 -63.393 8.540 0.312 0.670 0.739 0.331 0.000 -63.393 
4300.217 3109.536 15.403 8.558 0.315 0.668 0.738 0.330 -2.028 17.430 
4387.977 3147.284 92.530 8.609 0.326 0.664 0.739 0.331 1.730 90.800 
4475.736 3186.369 167.625 8.684 0.345 0.657 0.742 0.333 10.304 157.321 
4563.496 3227.463 240.330 8.769 0.370 0.646 0.745 0.336 22.086 218.244 
4651.255 3271.132 310.272 8.853 0.402 0.631 0.748 0.339 35.211 275.061 
4739.015 3317.820 377.053 8.924 0.439 0.610 0.751 0.342 47.899 329.154 
4826.774 3367.838 440.240 8.978 0.480 0.582 0.754 0.344 58.657 381.583 
4914.534 3421.356 499.363 9.008 0.523 0.546 0.756 0.346 66.383 432.980 
5002.293 3478.393 553.921 9.015 0.567 0.502 0.757 0.347 70.382 483.539 
5090.053 3538.823 603.389 8.998 0.609 0.449 0.757 0.347 70.335 533.054 
5177.812 3602.372 647.235 8.958 0.648 0.389 0.756 0.346 66.255 580.980 
5265.572 3668.637 684.934 8.900 0.682 0.321 0.754 0.344 58.427 626.507 
5353.331 3737.096 715.994 8.824 0.709 0.247 0.751 0.342 47.350 668.643 
5441.091 3807.133 739.973 8.737 0.728 0.169 0.748 0.338 33.679 706.294 
5528.850 3878.068 756.506 8.641 0.739 0.087 0.744 0.335 18.164 738.342 
5616.610 3949.182 765.318 8.540 0.739 0.004 0.739 0.331 1.602 763.715 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

APPENDIX B 

Questionnaire followed for social Survey 
 

 
Name of respondent: 
Age: 
Occupation: 
Village: 
Union: 
Upazila: 
District: 
No. of family members: 
No. earning members: 
Name of neighboring river(s): 
 
A. Impact of River Erosion: 
 
How many times your household been victimized by the river erosion: 
 
What were the consequences? 
Losses of: 

- Cropland (how much): 
- Houses: 
- Homestead: 
- Trees: 
- pond: 
- latrine: 
- any other assets: 

What vulnerabilities been generated? 
- Homeless 
- landless 
- migration 
- unemployed 
- indebted 
- divorce 
- children’s drop out from school 
- illness 
- child marriage 

 
What kinds of social destruction caused by river erosion in your life world? 

- broken social bondage  
- broken family relation 
- compelled in changing occupation 
- migration to city 
- closed access to social services 



- broken the social networks 
- lowered social status 
- destroyed peace, love and happiness in family and social life 
- generated oppressions for women by men and poor by rich 

Impact on agriculture: 
 

- how the river erosion impacts agriculture? 
- does the cropping pattern get changed 
- what happens to cropping intensity 
- does the production go high or decline 
- does it affect crop diversity 

 
 
Impact on environment: 

- does the cropland get affected by siltation 
- how is the availability of water in dry season 
- is fish available in dry season 
- water quality 

  
Have been benefited out of the river bank erosion? 
 
Direct benefits: 

- Received relief services 
- Received rehabilitation services: house bui lding, agriculture 

inputs, loan, etc 
- Got job/work 
- Raising homestead 
-   

Indirect benefits: 
- land from accredited chars 
- shelter on embankment 
- development services from NGOs 
-  

 
  

B. Knowledge ability: 
 

- what are the causes of river erosion (natural, man made)  
- how do you predict about river erosion 
- what risks do you face by river erosion 
- how do you survive (adaptability) after river erosion 
- what do you do ( preparedness) t o f ace fut ure h it b y ri ver 

erosion 
 

C. Villagers’ Dealing Strategy with River Bank Erosion: 
 

- how do you predict about river erosion 



- how many times you had to move in your life time for river 
erosion (mention the intervals)  

- at what situation you move 
-  where do you move and how 
- how do you survive in post displaced period 
- how do you resettle – how long it took to be resettled 
- what type conflicts arise 
- how do you deal with conflicts  
- do you r eceive a ny e mergency r elief, f rom hom e a nd how  

long 
- do you receive rehabilitation supports, from whom and what 

types 
- how do you c ope w ith a  ne w c ommunity (where you ha ve 

resettled) 
 
D. General Comments and Opinion: 
 
  
 
 
Name in interviewer: 
 
Date:  
 
 
 
 

 
 
Participants in the interview for seasonal calendar: 
 

 1. Johurul Huq Molla (Farmer, have small village shop, family members:5) 
             2. Polash Molla (farmer, family members: 4) 
             3. Mohid Molla (farmer, family members: 8) 
             4. Abdul Baten (farmer, family members: 5) 
  5. Suruj Mian (farmer, family members: 4) 
  6. Samiron Banu (old woman living with her old husband, 2 daughers:    

married, living in different villages, 1 son: living in the city) 
  7. Khodeja (divorced women, living with the help of other families)  
  8. Tahura Begum (Housewife, husband: day labourer, family members: 5) 
  9. Nosiron (earns by begging) 
 
 
 

 

 



 

 

 

APPENDIX C 

Technical Data and Information 

 

  Table C-1: Monthly highest water level of Nabaganga river 

 

      Source: BWDB 

 

Table C-2: monthly highest discharge and corresponding water level derived from 

discharge and water level hydrograph 

year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
  1 2 3 4 5 6 7 8 9 10 11 12 
1990 1.91 2.14 2.17 2.32 2.44 2.73 3.53 3.60 3.23 3.33 2.70 2.10 
1991 2.10 2.01 1.91 1.96 3.86 2.98 3.17 3.51 3.87 3.09 2.37 2.13 
1992 2.11 2.30 2.39 2.88 2.45 2.66 3.06 3.43 3.36 2.86 2.40 2.06 
1993 2.03 2.20 2.25 2.32 2.64 2.85 3.20 3.60 3.65 3.10 1.54 2.28 
1994 2.17 2.37 2.67 2.60 2.60 2.85 3.23 3.63 3.40 2.93 2.42 2.17 
1995 1.92 2.12 2.28 2.47 2.81 2.82 3.47 3.62 3.53 3.33 2.73 2.23 
1996 1.93 2.31 2.33 2.36 2.58 2.73 3.65 3.90 3.82 3.22 2.94 2.33 
1997 2.38 2.52 2.62 2.63 2.82 3.64 3.92 3.79 3.53 3.25 2.53 2.13 
1998 2.18 2.46 2.61 2.78 3.37 2.79 3.60 3.70 4.02 3.35 2.97 2.47 
1999 2.31 2.43 2.58 2.82 2.93 3.06 3.65 4.01 3.98 3.88 3.03 2.56 
2000 2.36 2.45 2.58 2.79 2.84 3.50 3.62 3.85 3.69 3.56 2.83 2.40 
2001 2.20 2.24 2.24 2.58 2.59 3.90 3.10 2.55 1.70 1.36 2.98 2.71 
2002 2.46 2.35 3.02 3.09 3.37 3.62 4.02 4.25 4.02 3.92 3.33 2.45 
2003 2.76 2.87 2.99 3.46 3.50 4.30 3.43 4.44 4.48 4.24 3.50 3.43 
2004 3.99 2.65 3.08 3.53 3.55 3.70 4.56 4.61 4.86 4.42 3.56 3.44 
2005 3.37 3.22 1.58                   

time Monthly 
Highest Q 

Dominant 
Discharge 
Qdominant= 

WL at CH. 8.75 
9/16*(Q) 

WL at ch. 
10.93 (Peak 
of Chander 
Char Loop) 

WL at ch.19.50 
(peak of 
Noagram Loop) 

4/26/2005 1902.750 1070.297 0.6250 0.6249 0.6246 
5/23/2005 21:00 1996.458 1123.008 1.1490 1.1489 1.1486 
6/29/2005 2:30 2187.445 1230.438 1.1990 1.1989 1.1986 
7/26/2005 1:30 3839.091 2159.489 2.8190 2.8189 2.8186 
8/26/2005 2:00 3690.143 2075.705 2.4430 2.4429 2.4426 

9/12/2005 22:00 3996.995 2248.310 2.7300 2.7299 2.7296 
10/6/2005 11:30 3043.283 1711.847 1.8430 1.8429 1.8426 



 
APPENDIX D 

Photographs 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig D-1: Interview with a farmer 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig D-2: Interview with old landless farmer 
 
 
 
 
 
 
 
 
 
 

11/3/2005 10:30 2608.106 1467.060 1.5340 1.5339 1.5336 
12/2/2005 10:00 2070.585 1164.704 0.8850 0.8849 0.8846 
1/4/2006 12:30 1859.065 1045.724 0.6500 0.6499 0.6496 

2/28/2006 10:30 1774.183 997.978 0.2430 0.2429 0.2426 
3/31/2006 11:00 1818.634 1022.982 0.3560 0.3559 0.3556 



 
 
 
 
Fig D-3: Interview with day labour 

 
 
 
 
 
 
 
  
 
 
 
 
 
 

 
Fig D-4: Interview with Noagram Union Parishad Chairman 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig D-5: Focus Group discussion with landless 
and marginal farmers 

 
 
 
 
 
 
 
 
 
  



 
 
 
 
 Fig D-6: Interview with Noagram School teacher 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
  Fig D-7: Houses in Flood plain 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig D-8: Erosion of retired embankment 
 

 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
Fig D-9: Houses vulnerable to erosion 

 
 
 
 
 
 
 

 
 
 

 
 
 
 

     Fig D-10: Noagram regulator at risk of erosion 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig D-11: Noagram regulator at risk of erosion 
 

 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
Fig D-12: Interview with landless women sheltered on Chander char Embankment 
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Mohammadpur 
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6. Tentative Title : Study on Bank Erosion and its Impact on the Livelihood of 

the Local People: A Case Study along the Nabaganga River  

  

7. Background and present state of the problem: 

The river Nabaganga bifurcates at Kalachandpur of Narail district forming a western branch 

named C hitra a nd r ejoins C hitra a t dow nstream n ear G azirhaat. A nother m ajor r iver 

Madhumati was very close to Nabaganga at Bardia and both the river were joined by digging 

of H alifax cut a t th is p oint. Due to diversion of  m ost o f t he M adhumati’s f low i nto the 

Nabaganga be low B ardia, i ncreased discharge i n the N abaganga be tween Bardia and  

Gazirhaat has led to channel instability with the formation of large channel meanders which 

are still mobile. 

 



The N abaganga i s er oding i ts r ight ba nk a t M ahajan, C hander C har a nd N oagram. About 

80% o f t he hi gh l and ha s a lready be en e roded by  t he river c ausing s erious r elocation 

problems for the inhabitants. Beneficiaries suggest loop cutting of the Nabaganga to prevent 

erosion of t he embankment ne ar N oagram i nstead of r etiring t he embankment ( BWDB, 

1997). During the field visit at mid December 2007, a high amplitude meander at Chander 

Char and a moderate amplitude meander at Noagram have been selected as the study reach. 

Local people informed that some of them had to shift their homesteads from the bank three to 

seven times and many of them l ost t heir ag ricultural l ands into t he r iver. At Noagram, a 

school and a mosque went into the river. Potential erosion along the embankment of BWDB 

caused flood water entering into the agricultural lands and destroyed the Aman crop which is 

greatly a ffecting t he livelihood as w ell as  t he socio-economic cond ition of  t he a rea. To 

protect the a gricultural lands from flooding, a r etired e mbankment has been constructed 

again temporarily along the bend as an emergency measure.  

South West A rea Water R esources D evelopment P roject F easibility Study report for 

Chenchuri B eel S ub-Project of  B angladesh Water Development B oard ( BWDB, 1997a , b)  

contains the analysis of the extent of erosion and bank line shifting between 1973 and 1996 

based on the examination of SPOT images and old maps and finds that the river is eroding at 

the rate of  25-30 meter per year a t these locations. Further study on t he present and future 

extent of b ank l ine shifting at  the two bends on the basis of av ailable images up to recent 

years, will h elp t o understand whether t he r ate of shifting i s increasing or de creasing and  

estimate its possible future impact on livelihood pattern. Hickin and Nanson (1984) showed 

the lateral migration rates of the river bends using time sequential aerial photographs of 189 

bends on 2 1 clay, sand and gravel r iver in Western Canada. In meander bends, the bottom 

geometry depends on the interaction between flow and sediment motion (Engelund, 1974). 

For large amplitude meander at Chander Char, the development of multiple pools and lobes 

within a  hi gh a mplitude b end c auses l ocalized ba nk e rosion a nd c hannel t race di stortion 

expressed as plan form asymmetry and compound heads (Whiting and Dietrich, 1993). The 

migration pattern responsible for the asymmetry of highly sinuous river meanders are 

described related to the hydraulic and sediment transport patterns controlling bank erosion in 

these bends (Lapointe and Carson, 1986). Riverbank erosion is a  major contributory factor 

for recurrent pov erty of  many of  t he p eople living i n f loodplains a nd chars (Baki a nd 

Bhuiyan, 2007). Given the small scale of most land holdings, any loss of land by a household 

is devastating. Yet, each year river channel migration and severe bank erosion, often coupled 

with flood, deprive thousands of households of their only source of livelihood (Elahi et al., 

1991). Although considerable number of research work has examined the social impact of 



erosion in major rivers of Bangladesh, sufficient study has not been executed to link between 

bank l ine shifting and corresponding impact on livelihood of the locality specifically at the 

south-west r egion. The cu rrent st udy along t he b ank of  N abaganga w here erosion is s till 

mobile targets such scope of work.  

8. Objectives with possible outcomes: 

 

The specific objectives of the proposed study are as follows: 

i. To analyze a nd e stimate erosion o f t wo be nds ha ving moderate a mplitude 

and high amplitude along the Nabaganga river in the South-West region of 

Bangladesh. 

ii. To study the effect of such erosion and channel shifting on the livelihood of 

the people living there.  

Possible Outcome: 

Linkage between channel changes and livelihood impact will be derived.  

 

9. Outline of methodology: 

 

The two identified bend are in natural state at present where erosion are taking place in free 

meanders w ithout any a rtificial p rotection a ctivities. I nitial f ield visit a t t he p roblem a rea 

have been conducted to identify the study reach during the mid December, 2007. Two bends 

of moderate and high amplitude have been selected for the study. Geographic location of the 

two highly erosive site have been determined with the help of hand GPS. The perception of 

local r esidents abou t t he problem a nd s ome phot ographs o f t he s ite ha ve be en c ollected 

initially. Erosion and channel changes will be analyzed based on available satellite imagery 

and maps. Information from related documents on the study reach will be collected from the 

concerned organization. Prediction of erosion and channel changes will be estimated based 

on image analysis and field condition as well. Relevant analytical tools will be used for this 

analysis.  

 

The s ocio-economic i mpacts o f ba nk l ine e rosion a nd m igration of  r iver c hannel ar e 

considered s ome of  t he principle c ontributors t o the pr ocess of  impoverization a nd 

marginalization of the rural peasantry as well as livelihood of the local people (Elahi et al., 

1991). So, impact of channel changes on the livelihood of the people will be assessed using 

Social survey as well as available secondary data of the selected sites. From this survey and 

secondary data source, information on some relevant socio-economic characteristics of 



sample households of local people will be derived. Particular attention will be given to the 

extent of erosion e ffect o n l abour f orce s tatus, l oss of  l and and impact o n hous ehold 

economy. In respect of sustainable livelihood framework, river erosion can be considered as 

a t rend in the vulnerability context by which people’s l ivelihoods and wider availability of  

assets are fundamentally affected. The framework will help to gain a realistic understanding 

of people’s strength (assets or capital) and how they endeavor to convert these into modified 

livelihood outcomes as a result of bank erosion of the river Nabaganga (DFID, 1999).  
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11. List of Courses so far taken with course no, name of the courses, credit hours, 

Grade, Grade Points and G.P.A: 

 

Course    

No. 

Name of the Courses Credit 

Hours 

Grade Grade 

Points 

G.P.A 

WFM5202 Socio-economic Analysis Pre-

requisite 

S - 

    2.75 

WFM6207 Water Resources Systems Analysis 3 B 2.5 

WFM6201 Hazards and Risk Analysis 3 B 2.5 

WFM6303 Integrated Water Resources Management 3 C 2.0 

WFM6305 Coastal Zone Management 3 A 3.5 

WFM6104 Gender and Water 3 B+ 3.0 

WFM6209 Interdisciplinary Field Research Methodology 

in Water Management 
3 B+ 3.0 

WFM6000 Thesis 6 - - 
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12. Cost Estimate: 

 a. Cost of materials:  

      i. Cost of Photographs (Film+Develop+Print)                              Tk. 1000/- 

      ii. Secondary data and map                                                           Tk. 3000/- 

 b. Field survey cost:  

      i.   Travel cost (Bus Fare) 

                      (4 visits @ Tk. 1000 per visit)                                                   Tk. 4000/- 

      ii. Local transport 

                     (4 visits @ Tk. 600 per visit)                                    Tk. 2400/- 

       iii. Living expenses 

                     (1 person 4 days/visit, Tk.300 per day, 4 visits)                         Tk. 4800/- 

 c. Paper, Ink etc.                                                                                 Tk. 1000/- 

 d. Thesis typing, scanning, drafting and binding etc*                        Tk. 3000/- 

                                                                                                 -------------------------------- 

                                                                                                       Total          Tk. 18,200/- 

 

Total cost in word will be eighteen thousand two hundred taka only. 

*Contribution from BUET. Others will be borne by Crossing Boundaries (CB) Project. 

13. Approximate time for use of Computer Lab. Facilities : Not required 
 
 
14. Name of Co-Supervisor   : Not Applicable 
 
15. Doctoral Committee/BPGS/RAC reference 
    
Meeting no: 71                                  Resolution no:                            Date: 
 
 

 
16. Number of Post-Graduate Student(s) working with the Supervisor at Present: 4 
 
 

 

       Signature of the Student             Signature of the Supervisor  

 



 

 

Signature of the Director of the Institute 

 

APPENDIX F 

CD of the Model for Erosion Prediction 

 

 

The flow and erosion prediction model developed based on Spread sheet program is 

provided in the CD. 
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